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R1 and R2 are differentially regulated during the cell cycle. There is an S-phase

-v"

correlated increase in the R2 protein resulting from its de novo synthesis [Lewis et al., 1978;
Mann et al, 1988]. The activity of ribonucleotide reductase, and therefore DNA synthesis and
cell proliferation, is controlled in proliferating cells during the cell cycle by the synthesis and
30 degradation of the R2 component {Eriksson et al.,, 1984]. The rate-limiting R2 component is a
phosphoprotein capable of being phosphorylated by the CDC2 and CDK2 protein kinase
mediators of cell cycle progression [Chan et al., 1993], and contains non-heme iron that
stabilizes an unique tyrosyl free radical required for enzyme activity [Reichard, 1993;

- McClarty et al., 1990}.
35 The levels of the R1 protein do not appear to change substantially during the cell
" cycle of proliferating cells and can be detected throughout the cell cycle. Synthesis of Rl
mRNA, like R2 mRNA appears to occur mainly during S phase [Eriksson et al., 1984; Choy et
al.,, 1988; Mann et al., 1988]. The broader distribution of the R1 protein during the cell cycle is
attributed to its longer half life as compared to the R2 protein {Choy et al., 1988; Mann et'al.,
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cell cycle [Ashihara and Baserga, 1979]

Breakthroughs in molecular biology and the human genome project have opened
prevxously unforeseen possxbxlmes for targeted intervention with mammalian gene expression
[Blaese, 1997; Felgner, 1997). These include approaches such as disruption of specific genes.
Antisense (AS) oligonucleotides (AS-ON) designed to hybridize with specific sequences
within a targeted mRNA are one example of such targeted intervention. In general, antisense
oligonucleotides interact well with phospholipid membranes [Akhter et al., 1991]. Following
their interaction with the cellular plasma membrane, they may be actively, or passively,
transported into living cells [Loke et al., 1989], and this may occur by a saturable mechanism

- predicted to involve specific receptors [Yakubov et al., 1989].

Many excellent reviews have covered the main aspects of antisense technology and
its enormous therapeutic potential. There are reviews on the chemical [Crooke, 1995], cellular
[Wagner, 1994] and therapeutic [Hanania, et al, 1995; Scanlon, et al, 1995; Gewirtz, 1993]
aspects of this rapidly developing technology. Within a relatively short time, ample
information has accumulated about the in vitro use of AS-ON in cultured primary cells and cell

lines as well as for in vivo administration of such ODNSs for suppressing specific processes and '

changing body functions in a transient manner. Further, enough experience is now available in
vitro and in vivo in animal models to predict human efficacy.

It would be useful to have antisense oligonucleotides available to control
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ribonucleotide reductase. Antisense oligonucleotides complimentary to regions of the
ribonucleotide reductase gene are particularly useful inhibitors.

25 In one embodiment, the present invention provides an antisense oligonucleotide
having a sequence which is complimentary to a nucleic acid sequence from a ribonucleotide
reductase gene and comprises at least seven nucleotides or nucleotide analogues. In a preferred

- embodiment, the oligonucleotide is complimentary to an mRNA region from a ribonucleotide
reductase gene, more preferably the ribonucleotide reductase R1 or R2 gene.

30 The invention also relates to a method of evaluating if a compound inhibits
transcription or translation of a ribonucleotide reductase gene and thereby effects cell
proliferation comprising transfecting a cell with an expression vector comprising a recombinant
molecule comprising a nucleic acid sequence encoding ribonucleotide reductase, and the

. necessary elements for the transcription or translation of the nucleic acid; administering a test

35 compound; and comparing the level of expression of the ribonucleotide reductase with the level
obtained with a control in the absence of the test compound.

A method is also contemplated for evaluating a compound for its ability to regulate a
Ras signalling pathway by assaying for an agonist or antagonist of the interaction of R2 and -
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inhibitor of the expression of R1 or R2 preferably, antisense oligonucleotide according to the

present invention, or a compound identified in accordance with a method of the invention.
The present invention also provides a pharmaceutical composition for increasing the
sensitivity of a tumor cell to a chemotherapeutic drug comprising at least one inhibitor of
25 expression of Rl or R2, preferably an antisense oligonucleotide according to the present .
invention, or a compound identified in accordance with a method of the invention, in admixture
with a physiologically acceptable carrier or diluent. The present invention further provides a
pharmaceutical composition for modulating the growth of a tumor cell that is resistant to a
chemotherapeutic drug comprising at least one inhibitor of expression of R1 or R2, preferably
30 an antisense oligonucleotide according to the present invention, or a compound identified in
accordance with a method of the invention, in admixture with a physiologically acceptable
carrier or diluent.
The invention also contemplates the use of an antisense oligonucleotide according to
the present invention, or a compound identified in accordance with a method of the invention,
35 to prepare a medicament for modulating cell proliferation.
DESCRIPTION OF THE DRAWINGS
Other advantages of the present invention will be readily appreciated as the same

becomes better understood by reference to the following detailed description when considered
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FIGURE 4A-C are graphs wherein (A) shows an increased amount of Raf-1 protein

associated with the membrane in R2 overexpressing cells. The recombinant R2 expressing cell

lines B3/mR2, N3/mR2, C1/mR2, r-2/mR2, r-3/mR2 and NR4/mR2 (R2) were compared to their

25 . respective control lines, B3/SH, N3/SH, C1/5H, r-2/SH, r-3, and NR4 (control). In all cases,

cells expressing recombinant R2 exhibited increased membrane associated Raf-1 protein, and

when the two groups of cell lines were compared, they were found to be significantly different

.. by t test analysis (p < 0.001). (B) Also shows an increase in the activity of mitogen activating

. protein kinase (MAPK-2) in R2 overexpressing cells. The recombinant R2 expressing lines

30. B3/mR2, N3/mR2, 10T/mR2, C1/mR2, r-2/mR2 and NR4/mR2 (R2) were compared to their

respective control lines infected with LXSH (controls). In all cases tested, cells expressing

. recombinant R2 showed increased enzyme activity, and the difference between two groups was

. highly significant (p < 0.001). (C) Shows increased foci formation with N3/mR2 cells

compared to N3/SH cells after transfection with the activated V12 Rac-1 plasmid [Jelinek et

35 al, 1994]. The number of foci shown represents the average + SE from two independent
experiments.

FIGURE 5A-B are photographs of gells showing examples of Southern blot analysis

of CAD (A) and DHFR (B) DNA with mouse L cells. (A) H-4 cells not exposed to drug as a
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FIGURE 9 is a graph showing the number of transformation foci in (a) NIH-3T3 mouse
cells containing the H-ras oncogene, (b) NIH-3T3 mouse cells containing the H-7as oncogene and
30 the R2 antisense sequence and (c) NIH-3T3 mouse cells containing the H-ras oncogene and the
coding region sequence for R2. Results are averages of three experiments.
Figure 10A-B are photographs of a Western blot analysis of AS-11-626-20 inhibition
(A) and inhibition by a variety of R2 antisense oligonucleotides (B) of ribonucleotide reductase

R2 protein level in L60 mouse tumor cells.

1. Antisense and Ribozymes
The present invention provides compounds that inhibit the expression of a

ribonucleotide redizctas_e protein and thereby modulate cell proliferation. The compounds may
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Other antisense oligonucleotides of the invention may contain modified phosphorous,
oxygen heteroatoms in the phosphate backbone, short chain alkyl or cycloalkyl intersugar
linkages or short chain heteroatomic or heterocyclic intersugar linkages. For example, the

30 . antisense oligonucleotides may contain phosphorothioates, phosphotriesters, methyl
phosphonates, and phosphorodithioates. In an embodiment of the invention there are
phosphorothioate bonds links between the four to six 3'-terminus bases. In another embodiment

- . phosphorothioate bonds link all the nucleotides.

The antisense oligonucleotides of the invention may also comprise nucleotide analogs

35 that may be better suited as therapeutic or experimental reagents. An example of an
oligonucleotide analogue is a peptide nucleic acid (PNA) wherein the deoxyribose (or ribose)
phosphate backbone in the DNA (or RNA), is replaced with a polyamide backbone which is

~_similar to that found in peptides (P.E. Nielsen, et al Science 1991, 254, 1497). PNA analogues
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20 * - The antisense oligonucleotides of the present invention are preferably complimentary

L‘

to the mRNA region from the ribonucleotide reductase gene. More preferably, the antisense
oligonucleotide is complimentary to an mRNA region from the ribonucleotide reductase R2
gene.

The antisense oligonucleotides generally comprise at least seven nucleotides or

25 nucleotides analogs, more preferably, at least 20 nucleotides or nucleotide analogs, most
preferably 30-35 nucleotides or nucleotide analogs. The sequences of preferred antisense
oligonucleotides according to the present invention can be found in Tables 11 and 7 and are SEQ.
ID. NOS. 1-102 and SEQ. ID. NOS. 103-161. More preferred oligonucleotides are shown in
Table 12. Most preferred oligonucleotides have the SEQID.NOS 1, 2, 12, 16, 18, 21, 25, 29, 34,

30 42, 44, 45, 46, 52, 53, 59, 60, 64, 65, 66, 68, 69, 70, 72, 73, 74, 76, 78, 79, 80. 90, 91, 92, 96, 99, 100 and
102 as shown in Table 7.

The antisense oligonucleotides of the invention may be prepared by conventional and
well-known techniques. For example, the oligonucleotides may be prepared using solid-phase
synthesis and in particular using commercially available equipment such as the equipment

35 available from Applied Biosystems. It is also pieferred to substantially purify the
oligonucleotides so that they are free of any other factors which would interfere with their
activity. Oligonucleotides of the invention may also be identified using genetic

_____c?gt_g_le_n_te_ntatipr\___teehrttg"ues, or using the probes described herein. It is also well within the
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guani ne, 8-thiolalkyl guanines, 8-hydroxyl guanine and other 8-substituted
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in the absence of the test compound

An expression vector comprising a nucleic acid sequence encoding ribonucleotide
reductase may be constructed having regard to the sequence of the gene using procedures known
25 in the art. Suitable transcription and translation elements may be derived from a variety of
sources, including bacterial, fungal, viral, mammalian, or insect genes. Selection of appropriate
elements is dependent on the host cell chosen, and may be readily accomplished by one of
. ordinary skill in the art.

Examples of reporter genes are genes encoding a protein such as B-galactosidase (e.g.
30 lacZ), chloramphenicol, acetyl-transferase, firefly luciferase, or an immunoglobulin or portion
. thereof. Transcription of the reporter gene is monitored by changes in the concentration of the
zeporter proteins such as f-galactosidase etc. This makes it possible to visualize and assay for
expression of recombinant molecules to determine the effect of a substance on expression of the

ribonucleotide reductase gene.
35 Host cells suitable for carrying out the present invention include CHO, COS, BHK,
293 and HeLa. Protocols for the transfection of mammalian cells are well known in the art and
include calcium phosphate mediated electroporation, and retroviral, and protoplast fusion-

mediated transfection.
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P, the r}fﬂ?‘ﬁ.Ic.h{i(;rﬁthrough gradients or chromatographic columns. Methods may also be employed
that result in the simultaneous identification of genes which encode proteins interacting with
R2. These methods include probing expression libraries with labeled R2.

25 Two-hybrid systems may also be used to detect protein interactions in wvivo.
Generally, plasmids are constructed that encode two hybrid proteins. A first hybrid protein
consists of the DNA-binding domain of a transcription activator protein fused to R2, and the
second hybrid protein consists of the transcription activator protein's activator domain fused to
an unknown profein encoded by a cDNA which has been recombined into the plasmid as part of

30 a cDNA library. The plasmids are transformed into a strain of yeast (e.g. S. cerevisige) that
contains a reporter gene (e.g. lacZ, luciferase, alkaline phosphatase, horseradish peroxidase)
whose regulatory region contains the transcription activator's binding site. The hybrid
proteins alone cannot activate the transcription of the reporter gene. However, interaction of
the two hybrid proteins reconstitutes the functional activator protein and results in expression

35 of the reporter gene, which is detected by an assay for the reporter gene product.

It will be appreciated that fusion proteins may be used in the above-described
methods. In particular, R2 fused to a glutathione-S-transferase may be used in the methods.

The compounds identified using the method of the invention include but are not
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35 and nervous system cancers, benign lesions such as papillomas, arthrosclerosis, psoriasis,
primary and secondary polythemia, mastocytosis, autoimmune diseases, angiogenesis,
bacterial infections, and viral infections, such as HIV infections, hepatitis or herpes

infections.
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ways depending upon whether local or systemic treatment is desired, and upon the area to be

25 treated. The compositions can be administered orally, subcutaneously or parenterally including
intravenous, intraarterial, intramuscular, intraperitoneally, and intranasal administration as
well as intrathecal and infusion techniques as required by the malignant cells being treated.
For delivery within the CNS intrathecal delivery can be used with for example an Ommaya
reservoir or other methods known in the art. The pharmaceutically acceptable carriers,

30 diluents, adjuvants and vehicles as well as implant carriers generally refer to inert, non-toxic
solid or liquid fillers, diluents or encapsulating material not reacting with the active
ingredients of the invention. Cationic lipids (e.g. Lipofectin, Life Technologies) may also be
included in the composition to facilitate oligonucleotide uptake. Implants of the compounds
are also useful. In general the pharmaceutical compositions are sterile.

3B The antisense oligonucleotides and ribozymes of the invention may be delivered using
viral or non-viral vectors. Sequences may be incorporated into cassettes or constructs such that
an antisense oligonucleotide or ribozyme of the invention is expressed in a cell. Generally the

construct contains the proper transcriptional control region to allow the oligonucleotide or
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(1986) and include, for example, stable or transient transfection, lipofection, electroporation
25 . and infection with recombinant viral vectors.

Introduction of nucleic acids by infection offers several advantages. Higher
efficiency can be obtained due to their infectious nature. Moreover, viruses are very
specialized and typically infect and propagate in specific cell types. Thus, their natural
specificity can be used to target the vectors to specific cell types in vivo or within a tissue or

30  mixed culture of cells. Viral vectors can also be modified with specific receptors or ligands to
alter target specificity through receptor mediated events.

Additional features can be added to the vector to ensure its safety and/or enhance its
therapeutic efficacy. Such features include, for example, markers that can be used to
negatively select against cells infected with the recombinant virus. An example of such a

35 negative selection marker is the TK gene that confers sensitivity to the anti-viral gancyclovir.
Negative selection is therefore a means by which infection can be controlled because it
provides inducible suicide through the addition of antibiotic. Such protection ensures that if,

for example, mutations arise that produce altered forms of the viral vector or sequence, cellular
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-modified so that it maintains all the necessary genes, regulatory sequences and packaging -
sxgnals to synthesize new viral proteins and RNA. Once these molecules are synthesized, the
host cell packages the RNA into new viral particles which are capable of undergoing further -
rounds of infection. The vector's genome is also engineered to encode and express the desired

25 recombinant gene. In the case of non-infectious viral vectors, the vector genome is usually
mutated to destroy the viral packaging signal that is required to encapsulate the RNA into
viral particles. Without such a signal, any particles that are formed will not contain a genome
and therefore cannot proceed through subsequent rounds of infection. The specific type of vector
will depend upon the intended application. The actual vectors are also known and readily

30 available within the art or can be constructed by one skilled in the art using well-known
methodology.

If viral vectors are used, for example, the procedure can take advantage of their
target specificity and consequently, do not have to be administered locally at the diseased
site. However, local administration may provide a quicker and more effective treatment,

35 administration can also be performed by, for example, intravenous or subcutaneous injection into
the subject. Injection of the viral vectors into a spinal fluid can also be used as a mode of
administration. Following injection, the viral vectors will circulate until they recognize host
cells with the appropriate target specificity for infection.
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cells, s 'e'l: egotnetaclmi];lrg %g]regwatea%%xgr%gs%ry aocueged by gene transfer techniques. Overexpression of
R2 leads to an increased frequency of transformed foci formation by mouse fibroblasts following
- transfection with activated H-ras. In addition, expression of recobminant R2 in ras-

25 - transformed cells resuited in enhanced colony forming efficiency in soft agar, and markedly
elevated tumorigenic and metastatic potential in vivo. Furthermore, deregulated R2
expression can cooperate with other oncogenes like rac-1 in mechanisms of transformation.

The results herein demonstrate for the first time that the R2 component of
- mammalian ribonucleotide reductase is a malignancy determinant that can synergize with

30 activated oncogenes to modify malignant potential, and supports a model in which these
effects are mediated through alterations in major Ras pathways that are brought about by
deregulated R2 gene expression. The observations presented here indicated that R2 can also

. participate in other critical cellular functions, and can play a direct role in determining
_malignant potential through oncogene cooperativity.

35 The examples further demonstrate that ribonucleotide reductase R2 gene expression
can play a significant role in determining drug sensitivity characteristics, and that this
appeas to occur at least in part through a mechanism involving genomic instability.

The mechanism through which aberrant R2 expression modifies drug sensitivities



5 and procaryotic cells, which are transformed wth these vectors. Such
transforned cells allow the study of the function and the regul ati on of
el i gNgRyyee t he treatnents of the present invention. MerCAswo0S4e known
or can be constructed by those skilledgin the art and should contain al
expression elenents necessary to achieve the desired transcription of the

sequenc 1 e | Cl: r I . ped
within ‘foﬁen rsposﬁegﬁﬂggﬂenec E%t}gﬂrr'%ﬁ%xs &f ec%vﬁlééi%goo? l? eol? E‘Gﬁﬂo‘gﬁ’gbacr ds in
a diff efpeqﬁonf ekhnushhagmm@e that genetip everts downeimepn @f 81P53 pegwlatechpathypy| .

Vect or S:DERANRE. LA ShowaIn BRaipied FieldtiBhsh eﬂt@ﬁéﬁv@& fRbreased lracetxgresaahage

vectors. Exanpl es of other vectors | cI ude vi ruse such as  bac err%)hages

bacul oA AcH¥atignof qs(ﬂ?rﬂr"ﬁ’é'e'é'“w %?“’tF‘F‘rj’B Jnitegenmagtiviter.prote
r ecogrbi mﬁiswrmcharcﬁvnyTh&cuxasiﬂitszmﬂe axpressibh in BalbY €373 aﬁldembm'sa dells use in

i th t, tic host. syst n skill th
ot i (SRR intoneien EP KL e BiBh AR mutohf xSl PR Mt ot

The veo(ﬂ\MBKltacmbty [ ntroduced into cells or tissues by any one of a variety

of known net h%%%% ?orttgtfalﬁ:';rg 'OF %g%%qﬁacﬁaﬂhtl?ﬁsfx\gm%emklay

described in C oni QH‘E Laboratory Manual, Cold
Spr i ngslimisingdhe peasentdnisngion Newsmemdfg’é gctiopg Thespopbpervationa implyethatdhe 5| |

Cur ngnt RPpRIER G Sapable P haﬁigl adla Agi¢culd @the WA RY pamaﬁqn ddigahlkb I e,
Maryl and (1989 ang

mat i, c ne Ther ess nn Arbor,
VT | 1008)S 4/ phte LERIBTE conpoREt ol PR Ui R T rkigerTptien, BEtor ke (%95)
Vect or sProAu&chf\,tay ceﬁycl\@neau& ddswﬁteamngrgdeodfcths MARK iﬂil:hWEy,LhﬂScontrol for
Butterwgrths, Bos @g dﬂﬂ %bﬁﬁmﬁtax@' é&r%%@)m%ng Glagde o f OF
a%le P ess PPansi trans

exanpl e, *agte i on ctron opor ation 25
and i nfé@pkmnw ddmge@irnyplnamsmsrm [Mroi%% 1995} o&iamprmsmg wlielydec aci ds

by i48f e&LekQébxﬂf 6415015 QHRIRE RHYAN A8RDbiliAHhiBN Gha ShfilitkEa BN AC aapﬁﬁca%al ned

due to t I nf ecti ous nature. Mor eover, viruses are Verily specil alized and _
typi cal IKPhpnto8eiLivingston Spbddtd: F-mYSverexpreasionas alsg Been dirpptlyJlinked i gengat yr a|
speci fi gh uﬁeaaibnbzaeaﬁﬁﬁnrsqwamgtnnm [ma;;tmq tmes@asseiatrone Qupgdsy@es. i n

30 f \Y t
2150 be #“ﬁsa?#r?se% e MRE oty PR St B2 BlpriRionpenlbt & 195 p8l9 "
speci f i oispgnsitile fon the abearegst changes ih drug dengitigivies and/gromic dntegdrity.eat ur es can be
addeg to the \E‘?t?frngestﬁ’eﬁEH €s hﬁﬁ?mmer@@%%n&mé&&a g%lﬁtstt m@rnae@.ut ic

effrcacg{z Such tures 1 nc or exanpl e,” markers can be used to

negat i vBR gompprants haygapt-turpen 4¢§V‘F3h?‘E’c‘l"%6Y*Wi°{“ﬁ tq the neerlatip collin Fustherythe An
exanpl eRghnfissake %qaémee@atalsuactsgh hﬁll m&kﬁm mmrmeﬂ&haapa;ﬁchgsmgon; ers
sensiti to the anti-vir cl ov r ve,se erefore
a rreansv Vy\fw RCsRReRs @Rn- g’éﬁg 823% ﬁf‘ﬁﬁ‘f 8%?&5%“‘1* ﬁ}f 8 uci bl e
Sui ci denedplastigirellho dadiothiecapeofic agenishiudh asN—(Sb@phma@etyhmaepaMS (RA‘!SA)t hat
it 25 and methotrexate (MTX) as well as hydroxyurea. As shown in the Example, cells were
transfected with a vector containing the R2 sequence in an antisense oritentation. These cells

were more sensitive to the chemotherapeutic agents. Also, mouse 10T/, cells which are drug

resistant, when transfected with R2 sequence in the antisense orientation, were found to have
significantly reduced resistance (increased sensitivity) to the chemotherapeutic agents.. Short

30 synthetic antisense sequence complementary to the R2 sequence also provided increases
sensitivity.

The above discussion provides a factual basis for the use of antisense oligonucleotides
and ribozymes directed against the R2 mRNA. The methods used with and the utility of the
present invention can be shown by the following non-limiting examples and accompanying

35 figures.
GENERAL METHODS:
GENERAL METHODS IN MOLECULAR BIOLOGY: Standard molecular biology techniques
known in the art and not specifically described were generally followed as in Sambrook et al.,
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cells.. Cells were prepared from subconfluent, logarithmically growing cultures, collected by

25 gentle treatment with trypsin/EDTA solution and adjusted to appropriate concentration in a
balanced salt solution.

_ For the tuniorigenicity (tumor latency) assay, 1 x 10° cells in a 0.1 ml volume were

injected subcutaneously into the back of mice and the time required to form a tumor (2 X 2 mm)

detectable by palpation was recorded. The growth of tumors was also evaluated by measuring

30 tumor diameters, and estimating tumor base area each day following tumor appearance

[Damen et al., 1989). Tumor size was determined by multiplying the dimensions of the

cross-section of the tumor. Tumors were removed from the mice and tumor weight was recorded

21 days later. In the case of no tumor formation, mice were kept for 2 months after injection and

“then sacrificed.

35 For experimental metastasis assays (determination of metastatic ‘potential), 1 x 10°

cells in a 0.2 ml volume were injected into the tail veins of 6-8 week old C3H/HeN syngeneic

mice and an estimate of the number of lung tumors was made 21 days later. The mice were

sacrificed, and the lungs were stained by injecting Bouin’s solution {picric acid, formaldehyde,.
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EXANMPLESR2 COOPERATES WITH ACTIVATED ONCOGENES '

To determine the malignant potential of deregulated expression of the rate-limiting

R2 component of ribonucleotide reductase, the properties of cells stably infected with a
retroviral expression vector (SH/mR2) carrying the R2 component [Fan et al., 1996b}, were
25 investigated. Further the interaction between R2 and activated oncogenes was explored. '
MATERIALS AND METHODS |
Expression Vectors: The retroviral expression vector for the human Myc epitope-tagged mouse
R2 component, SH/mR2, was constructed and packaged as described in Fan et al {1996b]. The
infectivity of the viral stock was >1 x 104 colony-forming units/ml. Plasmid pHO6Ti which
30 expresses T-24 H-ras and a selective marker neo was used for malignant transformation {Egan et
al., 1987a, 1987b; Taylor et al., 1992]. The activated Rac-1 plasmid (V12 Rac-1) was kindly
provided by M. Symons [Stokoe, et al., 1994].
Cells and Cell Culture: The mouse cell lines, BALB/c 3T3, NIH 3T3, four lines of T24 H-ras
transformed 10T1/, cells, named C1, NR4, r-2 and r-3 have been previously used as recipients of

35 the R2 retroviral vector [Fan et al.,- 1996b]. Cells were routinely cultured in a-minimal
essential medium (0-MEM)(Gibco, Grand Island, NY) supplemented with 10% calf serum
(Fetalclone II1, Hyclone, Logan, UT). Infection of cells with SH/mR2 or control virus LXSH in
the presence of polybrene was carried out [Miller et al, 1993], and stable infectants (>1 x 10%
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factors |i k@rdthi® R2 Analysis: The procedures for Western blot analysis have been described previously,
.. for example, using either the anti-myc mouse monoclonal 9E10 antibody (ATCC, Rockville,
MD)[Fan et al.,, 1996b] or the anti-R2 rabbit polyclonal antibody {Chan et al., 1993). To

25 determine recombinant R2 protein expression during the cell cycle, flow cytometry analysis was
. performed following 9E10/fluorescein isothiocyanate antibody labelling as previously

. described [Blosmanis et al, 1987; Chadee et al, 1995].
. Determination of Membrane-associated Raf-1 Protein: The membrane fraction was prepared as
. described by Qui et al. [1995], and used for Western analysis with a polyclonal antibody
30  specific for Raf-1 protein (Santa Cruz Biotechnology Inc., Santa Cruz, CA), after the protein
_content was determined by the standard Bio-Rad assay. Densitometry analysis of the Raf-1
band was performed, and the amount of Raf-1 protein from each sample was corrected by
. densitometry analysis of a well separated band on a paraliel gel stained with Coomassie blue.
. Ribonucleotide Reductase Assay: The Assay was performed as described herein above. In some
35 eiperiments enzyme assaYs were performed by combining purified recombinant R1 protein
[Salem et al, 1993] with 9E10 antibody-precipitated R2 protein {Hurta and Wright, 1992]. In
this Example, 20 pg of the 9E10 antibody and 50 ul of Staphylococcal protein A-agarose
(Sigma Chem. Co., St. Louis, MO) were added to 1 ml of the supernatant of centrifuged lysed
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20 &9&10 antibody that specifically recognizes the Myc-e ytope sequence det>e/cts the R2 protein

of approximately 45 kDa in SH/mR2 stably infected BALB/c 3T3 and NTH 3T3 cells (named
B3/mR2 and N3/mR2, respectively), but not in control vector (LXSH) infected B3/SH or
N3/SH cells. R2 specific antibodies detected the endogenous as well as the recombinant R2

protein in expression vector infected cells, and as expected only the endogenous prdtein was
25 observed in control vector infected cells (Fig. 1B).

Flow cytometry analysis following 9E10/ ﬂﬁorescein isothiocyanate antibody
labelling demonstrated that the recombinant R2 protein was constitutively expressed
throughout the cell cycle (Fig. 1C). Indirect microscopic analysis using the 9E10 antibody
indicated that essentially every cell in the B3/mR2 and N3/mR2 populations expressed the

30 Myc-tagged R2 protein.

Several experiments were performed to demonstrate that the vector-expressed R2 is
biologically active. First, B3/mR2 and N3/mR2 cells were observed to be resistant in
colony-forming experiments to the cytotoxic effects of hydroxyurea, an inhibitor of the R2
protein [Wright, 1989; Wright et al., 1989], when compared to B3/SH and N3/SH cells [Fan et

35 al., 1996b). Second, ribonucleotide reductase activity was assayed and found that the CDP
reductase activities in B3/mR2 and N3/mR2 cells in three independent experiments were 1.96
0.32 and 1.71 £ 0.11 nmoles/mg protein/hour, respectively, which was 2.6 and 2.1 times higher
than observed with B3/SH and N3/SH cells (0.74 + 0.14 and 0.83 + 0.08 nmoles/mg/hour,
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: cells as determined by scoring G418 selected colonies, and/or counting blue cells following

cotransfection of H-ras with an expression plasmid for E. coli _-galactosidase [Price et al.,
25 1987], were actually lower (by about 50%) than with N3/SH and B3/SH cells.

Ras Malignancy Potential Determined by Aberrant R2 Gene Expression. Since
combinations of altered R2 gene expression and activated H-ras were synergistic in focus
forming experiments in which ras was transfected into altered R2 expressing cells, this gene
combination was tested further by infecting four independent H-ras transformed 10T1/, cell

30 lines, C1, NR4, r-2 and r-3 that were previously characterized [Egan et al., 1987a, 1987b;

' 'I_‘éylor et al., 1992; Stokoe et al., 1994], with the retroviral vector SH/mR2. Stable infectants

‘'were selected with hygromycin, and Western blot analyses and enzyme activity assays
confirmed that these infectants expressed biologically active Myc-tagged R2 protein.

Soft agar growth experiments revealed that H-ras transformed cells containing the

35 recombinant R2 sequence were much more efficient at producing colonies in semi-solid growth

agar than the uninfected parental populations (e.g. r-3) or control vector infected cells (C1,

NR4, r-2) (Table 1). In addition, many of the colonies formed by cells infected with

recombinant R2 were larger in size (Fig. 3A). Since each pair of recombinant R2 expressing and
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20 with ras by elevating the activity of a Ras signal pathway? This would be consistent with
studies showing a direct correlation between ras expression and malignant potential [Egan et
al., 1987a, 1987b; Wright et al, 1993; Bradley et al, 1986]. A major Ras pathway for regulating
gene expression involves the Raf-1 protein kinase. Activated Ras recruits Raf to the plasma
membrane where Raf and downstream signalling molecules like MAPKs become activated

25 [Stokoe et al, 1994; Jelinek et al, 1994; Leevers et al, 1994].

Using a Raf-1 specific antibody, the levels of membrane associated Raf-1 in six
BALB/c 3T3, NIH 3T3 and 10T 1/2 derived cell lines containing deregulated R2 expression was
compared with control cells containing only endogenous R2 protein (Fig. 4A). In all six cases,
cell lines containing deregulated R2 showed increased membrane associated Raf-1, with an

30 average increase of about 30% which was highly significant (p < 0.001). In agreement with
the above observation, cell lines with deregulated R2 expression exhibited a consistent and
significant increase of about 70% (p < 0.001) in MAPK-2 activity (Fig. 4B). Oncogenic Ras also
activates the Rac pathway which is parallel to the Raf pathway, and therefore
constitutively active Rac-1 cooperates with membrane-targeted Raf-1 in malignant

35 transformation [Qiu et al, 1995].

If MAPK activation mediated by Raf-1 translocation and activation is important in
the R2/ras synergism described herein above in this Example, then aberrant R2 expression

should cooperate with activated Rac-1 in cellular transformation, because it has been shown



Expression Vectors: The retroviral expression vector for the human Myc

epi t ope-t agewds8rgse R2 conponent, SH nR2, was construct ed ahaT/CaAO%/8dd as
dgscrihed jn Fan et al [1996b]. The infecidvity of the viral stock was >1 x
10[err] colony-formng units/m . Plasm d pHO6Ti which 30 expresses T-24

Hras and apgil gw& 20BYAt&] RAAACanENacliSEpdrate il BletiiARRs of HARSLAMIHRRI [Of: et
[ Egan et al 1987a, 1987b; Taylor et al 1992]. The activated Rac-1

bl asmi d (V1L 4RSS ) Vigire 45 Shaw® b Shin BaedisHion = SOiSHs Spes BRYLVE Gpopsration in
1994] . Cel | fraAdtbkniaBbh bElwee hativatth ®ac uad R2avds dbiared inBAhiiner Akdlar M Rhs3Fa,

f | i T24 H- d

5 have: bel BAAPRITAPY MRl RSt Narpkt s hye st R Eonoresed i aftiied o

[ Fan et &l . vummqlu@& Ial, 3995 r Bhesoolpservatignscamé cansistent with dver Yiewrithwt rigtegulated
tial 10%

ol f | ser um RS axpfbiide (Moblinleh BA onddsBiad ukeaf e o b7 R ERGL fhetlng

SH nR2 or cend MAPK/ patbyaxxewlwnb\ztnbeypqlewrwb ot theopassibilifethabsthertransddctimnt

[Mller et gkmwk 9§Jvo1 actilv 2P Raf ﬁafsis@ee %\Jo?v%dxsﬂ&[tﬁ&&];s ewdéilcg Q%%/I)ﬁ rg&rneet

obt ai ned w ygronycin sel ection and pooled, [ Fan et

al, 1993]. mwﬁf?fa% Feipdar pctivities ﬂ‘a?wﬁhshﬂeﬁﬁli%’@dw a’ﬁhn@y@? fliespemandeet aland
reI at i veigs engdé Kudrigletal, 1994hygtmmwmemgsyt otoxicity by estimating relative
colony form ng eff clgnc arrl U ousl des ri bed
[Lewis et al., 19 E@“&?ﬁét’“ ates §€§b7ea “slt—lgﬂ"be h%"’vﬁ Q‘r‘ff‘P mammalian
Gowth in smbbnm;mndev&siueme Hatnedelmmhzﬁancmdtlessmentah#ttcm eyrpkgizeemtn attivatedi ng
15 m base | {] 1 #@\4 0 r

m of growt %ggJ géé; tg @y&&h?ﬁ@ﬁ P t’%‘r‘l&a? v on!tggﬁﬁln%%%%% a'ﬁ? r&n%scr’ﬁ% ed }°
Cel I's were @atxamecall Prxemowb@mnlaér# agafp-ligyiing compynens obribamicigotide reduntasel
10- 15 dayss hﬂiseﬂ‘xafngﬁacfénﬂinsﬁétes thg:tgl&?én a8 PaRicigder i oun eritital SdMular b3 #ibns and

Transformati on was al so zed b elt erm nj n&f OCU%’\/\‘; ornmation after cells
ver e infect & BlgY adires} r ghant patee nCpgepicrgoperativity- \/12
Rac-1 plasm ds by cal ci um phosphat_e prmmﬂ.ml on [Taylor et al, 1992]. At

£0,ours A1 S8 G BkPREsSiont 1005 ERNITEs 161 bRULESENSBHYITY AR Bifortt °™

conpl et e ne®TABILIIYY r] - MEM pl us 10% cal f serur‘r) for 10-14 days, stained

with methyl agThRiA®sAND Moy € scored [Taylor et al, 1992]. The
transfection frequency in all the experinments were 15 routinely determ ned
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25 sequence (B3/SH cells)[Fan et al., 1996a; 1996b]. NIH-3T3 cells were also used as recipients of

the R2 retroviral expression vector (N/R2-4 cell line) or of this retroviral vector lacking the

R2 sequence (N/SH cells), as described previously [Fan et al., 1996a; 1996b]. The N/R2+ASR2

cell line was the recipient through co-transfection using LipofectAmine (Life Technologies,

N.Y) [Damen et al., 1991] of retroviral vectors containing the R2 coding sequence and the R2

30 sequence in the antisense orientation. RP3 and RP6 cells are 10T!/, mouse celis that have been

transfected with the T-24 H-7as oncogene and a mutant oncogenic form of the p53 gene [Taylor
et al,, 1992}, and they were also used as recipients through transfection using LipofectAmine
reagent, of a retroviral vector containing the R2 coding region in an antisense orientation [Fan
et al., 1996b]), to obtain RP3/ASR2 and RP6/ASR2 cells. 1B cells are p53-/- and were derived

35 from embryonic fibroblasts [Lowe et al., 1994]. All cells were cultured in a-minimal essential
medium (Gibco, Grand Island, NY) containing 10% fetal bovine serum (Intergen, Purchase, NY)
and antibiotics (100 units/ml penicillin and 100 pg/m! streptomycin) at 37°C in a humidified
atmosphere containing 5% CO,.
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( San®@ Mpmm@mﬁf%&sahpﬁél’as) agd doeped kitpjdom! PBS. Cells were pelleled by

centrifugation at 1300 g at 4°C for 10 minutes and stored at -80°C. Nuclei were prepared by
lysing the pellets in 300 pl buffer A (20 mM HEPES (pH 7.6}, 20% glycerol, 10 mM NaCl, 1.5
mM MgCl,, 0.2 mM EDTA and 0.1% Triton X-100) for 20 minutes on ice. Buffer A also contained

1 mM phenylmethylsulfonyl fluoride (PMSF) and 10 mM dithiothreitol (DTT). Nuclei were
25 isolated by centrifugation at 1300 g at 4°C for 10 minutes. Nuclear lysates were prepared by
adding 20-40 1 of buffer A containing 500 mM NaCl, 1 mM PMSF and 10 mM DTT to the nuclear
pellet and incubating 20 minutes on ice. The extracted nuclei were pelleted by centrifugation at
16,000 g at 4°C; the supernatant was removed and an aliquot was used for protein determination
using the Biorad protein assay procedure (Biorad).
30 The nuclear lysate was incubated with an excess of double stranded p53 consensus
| binding sequence (GGACATGCCCGGGCATGTCC)(SEQ ID No:162) end labeled with
[y-32P)-ATP using T4 polynucleotide kinase (Boehringer). DNA binding was carried out in
buffer containing 20 mM HEPES (pH 7.6), 20% glycerol, 1.5 mM MgCl,, 0.2 mM EDTA, 1 mM

PMSF and 10 mM DTT. Each binding reaction contained 5 ug cell lysate, 10 pg double stranded
35 poly (dI-dC)(Pharmacia), 1.4 ng labeled consensus probe and 100 ng of monoclonal antibody 421
(Santa Cruz) in a total volume of 20 ul. DNA binding was allowed to proceed for 30 minutes at
room temperature and the mixture was separated by electrophoresis on 5% nondenaturing

polyacrylamide gels. Electrophoresis was carried out at room temperature until the xylene
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25 Mai, 1994; Stark, 1993]. Indeed, the principal and perhaps only mechanism for PALA

resistance in mouse cells occurs via CAD gene amplification [Stark, 1993). Therefore, colonies

_ that developed in the presence of normally cytotoxic concentrations of these two drugs were

examined for possible gene amplification events. Figure 5 shows that cells that proliferated in

.. the presence of PALA or MTX exhibited increased CAD or DHFR gene copy numbers. In keeping

30 with previous studies [Stark, 1993; Huang et al., 1995b; Otto et al., 1989; Stark et al., 1990], all

~ colonies that developed in PALA and tested (10/10) showed CAD gene amplification. Also as

- .. previously reported {Huang et al., 1995b], some but not all colonies that developed in the
presence of MTX (3/6) showed DHFR gene amplification.

Direct Test for a Relationship Between R2 Gene Expression and Decreased Drug

35 __Sensltunty Since hydroxyurea resistant mouse cells contain other biochemical alterations in

addition to changes in ribonucleotide reductase [Wright et al., 1989], the relationship between

drug sensitivity and increased R2 levels was directly tested with cells containing a retroviral

expression vector encoding the mouse R2 sequence, and cells containing the same retroviral
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resistant to MTX. Although the N/R2-4 cells showed a trend towards resistance to PALA

when compared to N/SH cells, this trend was not statistically significant. This latter

observation indicates that other factors inherent in the genetic differences between the cell
lines used in this study, in addition to the increased R2 levels, can influence drug sensitivity
30 responses. ' '

Therefore, the hypothesis that R2 levels are important in determining drug
sensitivity characteristics was tested by investigating drug sensitivities after decreasing the
levels of R2, through expression of an R2 antisense construct introduced into N/R2-4 cells to
produce the N/R2+ASR2 population. Figure 7 shows that the level of R2 protein is markedly

35 reduced in N/R2+ASR2 cells when compared to N/R2-4 cells. The N/R2+ASR?2 cells were
significantly more sensitive to hydroxyurea, PALA and MTX when compared to N/R2-4 cells
(Table 4). Furthermore, sensitivity to these three drugs in the R2 antisense expressing cells

was significantly increased when compared to control N/SH cells containing the empty vector
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Leevers et._ _a_l'l’o cﬂege%ne the presence or absence of wild type p53 function in drug resistant colonies that

developed in the presence of PALA, MTX or hydroxyurea, cell extracts were used in
electrophoretic gel mobility shift assays (EMSA) [Price and Calderwood, 1993}, to test for
25 sequence specific p53 binding activity. Figure 8 shows that drug resistant clones derived from
R2 overexpressing cells exhibited wild type p53 binding activity. These observations also
- agreed with our inability to detect mutant p53 proteins in cells from drug resistant colonies in
immunoprecipitation assays using the Pab240 monoclonal antibody {Gannon et al., 1990], which
specifically detects common forms of mutant p53.
30 _ EXAMPLE 3
ANTISENSE DEOXYRIBONUCLEOTIDE SEQUENCES THAT TARGET RIBONUCLEOTIDE
REDUCTASE AND ARE CYTOTOXIC FOR HUMAN TUMOR CELLS.
As shown in the Examples herein above full length antisense constructs of R2 affect
the tumorigenicity and/or metastatic competence of tumor cells and susceptibility to
35 . chemotherapeutic agents. Applicants therefore investigated the potential of shorter
antisense constructs of R1 and R2 for their effect on tumor cells.
MATERIALS AND METHODS
Colony Forming Efficiency and Treatment of Cells with Antisense Constructs: Colony forming -
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evi depnce % af can regul ate sone cellular activities through
I\/APK-&'ﬁdé{#é Eht pathway(s) [Lenormand et al, 10 1996; Koong et al, 1994,
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in determ ning Ieinitih stukicd Aive Nintisdnsé Béquidsdes ONOQARA| desighABE ABLI-¥34.20 and
AS-I[-2229B-20, directed against the R2 mRNA were made and investigated. The first,
AS-11-336-20, has the sequence 5'-TCC TGG AAG ATC CTC CIC GC-3'(SEQ ID No:1), and
targets the R2 message of human ribonucleotide reductase at nucleotides 336-355, based on the
25 numbering of R2 nucleotides [Pavloff et al., 1992]. The AS-II-2229B-20 sequence is: 5-TCC CAC
ATA TGA GAA AAC TC-3' (SEQ ID No:2), and targets the R2 message at nucleotides
2229-2248. Both AS-1I-336-20 and AS-11-2229B-20 were constructed as phosphorothioate
sequences to protect against nuclease activity [Anazodo et al,, 1995].
Antisense construct AS-11-336-20 was tested for the ability to inhibit the
30  proliferation of human tumor cells (Hela) in relative colony forming efficiency experiments as
described herein above. Hela S3 cells (American Type Culture Collection, Rockville,
Maryland, ATCC), and a Hela cell line (Hela 1mM) previously selected for resistance to the
antitumor agent, hydroxyurea [Wright et al., 1987), were tested (Table 6). Two experiments
were undertaken with Hela S3 cells. With a 4 hour treatment of 0.2 pM antisense construct
35 AS-1I-336-20, inhibition of 92% and 82% was seen in colony forming efficiency in two
experiments, respectively. The same experiment was repeated with the Hela ImM cell line
and with varying concentrations of the antisense construct AS-II-336-20 (Table 6) with similar
results, 0.2 uM was an effective concentration for inhibiting colony formation.
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determinations. .
These results indicate that short oligodeoxyribonucleotide sequences in an antisense
orientation are excellent antitumor agents, and suggest that other antisense constructs that
25 target the R2 message may have similar properties. The best antitumor agents would be those
that exhibit suitable energy related characteristics important for oligonucleotide duplex
formation with their complementary templates, and which show a low potential for
self-dimerization or self-complementation [Anazodo et al,, 1996]. An analysis of the R2
- mRNA using a computer program (OLIGO, Primer Analysis Software, Version 3.4), was carried
30 out to determine antisense sequence melting temperature, free energy properties, and to
estimate potential self-dimer formation and self-complimentary properties [Anazodo, et al.,
1996], of a series of additional antisense sequences (Table 7, SEQ. ID. NOS. 3-102) designed to
target the R2 message. Table 7 shows a list of the additional R2 antisense inhibitors, with

appropriate properties. |

35 To test the antisense effects of many of these sequences, as phosphorthioate
deoxyribonucleotides, they were examined in relative colony forming experiments performed
with a series of human tumor cell lines. Many of these antisense constructs, as predicted, are

potent inhibitors of human tumor cell proliferation. For results obtained with cancer cells .
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1993] 5 vihort anfigense sequshicrwaidated todeteghine ifthese consirugts goyld sensitize thetamear yashed
once Wi t &ells €& irdébitosy bfflech Tt tcRethothérapéiddic SrhigsN The RBenRbnSwsed @ ot 0 17

i nutos SRS B R B ) o 1ebie S Rt Pergf B R ard i, Py e RIROOEG) 61

in 300 [Evr bf tHeuAS4E-2229820 anhikdnEPESndtpict TncBdases20ik ghyitieitplof th@endlidag] , 1.5

nM MyCl Q. 0 ' - f ) IoC €. '
Bt for ARGPhosFRsmAby TR Batl) Hha 0ot Bl SV TR o0, ) )
di t hil8t hTkgse sibsgreations ingdicate|thatentiserwe comppurdsdtargeting the R upessagsrantac 300 g

at 4[errifpe %aiﬁcm With W eRSnoWVH Ch&RGthey Sgeig. e prepared by addi ng 2040
[err]] of bu f% (ion,tal ing 500 MM g ﬁ rrMilaPI\/BF and 10 mM DIT g‘(r) t he
nucl ear pel | et uclentide x “H'SS%C‘?WR?(&% 'y dispilarprotem qompopents Rded BY wer e
pel | et edivydiztidt gerfes,GRtand R2a Theérbfoft) the Gesalts ddsafbiefl Gereinabovelspggestthatthe RS
renoved %régsaag al i gu%t has I%S?idxfftg’rr p}(r”pagil ninde errtri;}‘isaetsieorpmlusilenq'gtt e Biorad
protein assa§ 51;35 qur & (aEFoPaa ) 8 gring SR e Ear F?‘szft A Rge
i ncubidt epotent handitumre estivity. ddabtest dhis apeksibilpF3a c2hmen seoxyrirhiuglgotidejuence

( GGACAT Gt ahetielid bhei¥onsl Giinesiidh, hés%%d AY L1308 b6 Wak corsbhic@d P

usi ng T4 polynucl eoti de kinase (Boehringer) bi ndi ng was carried out in
buf fer c&wd i#f Antitymonabilifiespysresteptrdy Thepntisegesopstrecd ASrI-1395-20 hagthe)teapere |, 0.2
MM EDTA, 51A0N GYRFAPOTTIIGCTAVIAAIG CAERGSEQD ITD NdI3), afa ttargets Ahé RAinkshgd aterr] g

abel cu Cunsets Rt okt Bote 5 B in R ol Ba A A retkiator uz)
in a 200t groliferhtioreusixig Héla PR cellls hndONéla BmdMidrug resistarg kdlis\Eblest cespitodapsphsrate 30
mnutes gle &s‘éﬂﬁ%és? Hg%sﬁ o &eanﬁgglsé Rufcd et ?n ﬂ%gﬂaﬂetﬁstss@éi’zyd surgge t that

el ectrophoresis on ! enaturin ol yacry ectrophoresis
was car r e patential sitesnint drmles elfechive. Thetefore, ithe Bl was analyzed in a search

for antisense oligodeoxyribonucleotide sequences that exhibit suitable characteristics (as done

for R2 mRNA and described above). Table 11 provides a list of additional antisense sequences
25 with characteristics that are consistent with being antitumor agents.
EXAMPLE 4
INHIBITION OF TRANSFORMATION BY R2 ANTISENSE
Utilizing the methods set forth in Examples 1-3, the inhibition of transformation of
mammalian cells by treatment with the R2 antisense sequence of the R2 coding region [Fan et
30 al, 1996b) was undertaken. NIH-3T3 mouse cells containing the H-ras oncogene were transfected
with either the antisense orientation of the R2 coding sequence or the sense orientation of the
R2 coding sequence. The results shown in Fig. 9 demonstrate that in the presence of the R2
antisense construct there was a decrease in transformed foci and reduced soft agar growth (Fig.
9, lane b) compared to the control cells (Fig. 9, lane a). As shown in Example 1, herein above,
35 the R2 coding region can cooperate with H-ras to enhance malignancy as shown by the
increased number of transformed foci (Fig. 9,1ane ¢).
Furthermore, colony efficiency assays performed in soft agar as described herein

demonstrated similar results. Colony forming efficiencies of 15.616.73 for NIH-3T3 mouse cells



cyanol tracking dye had run to the bottom of the gel and the free probe had
run off the vg&% t| stical Analysis: Analysis of covari ance peTRCASTBUSO
conpar e dose sponse dat a betvveen groups ofy different cell lines, with the
Si gnlflcance | evel set at [err] = 0.05 [Huang et al., 1995a] RESULTS 5

Hy.dr oxyur ea Resi.sta | i ,
Non- sel ecti v& ‘% Q‘t"‘i—gg"é ?-’|[L‘°¥§‘F 4%22 Bg%ﬁg@%g?%gﬁ?ﬁ%g %QhﬁH as oncogene
sel ected for anésll\esli%lmf@en% sefieence; tand PAERR- 28 fpp DUH-33P mause aﬁisl qoammamfti-ms

hydr oxyur ea. ollga ah@itle i sebibf Suitbiob et feresl Stance to hydroxyurea in
col ony formng I Cl ency experi rrents t hat ranged bet ween approxi mately 18

(H2) to 30 (SCZ) fold h| gher t han theW?ﬁe mouse L ceII l'i ne from
whi ch they LO ibi : ;

They al so cont alne eev g:evels of ri b nucl e| de redct ase | VI
that ranged M §ery trepted forrd Jhogirs With-gromith

primarily dugpbfectinibitaciteat mtistdse oRgoranleptideais) arfwith ltpnﬁtﬁham‘dhdﬁ cdir&diuﬁ{gasza
that is limt Qn rollfe tin
mouse cel | 5. %%Sé*)ézﬁ%z@%fﬁ%%?ﬁ%#%%%ﬁhﬁ‘?amgl‘x’*%*rs R oD (R bEf Rophaen
were al so | essovsteneedmmeumiemmettwtbtlmfeetueﬁrida@@ gMpéligbHucleotide scrambled control,
N- (phosphgnacahisf don taueﬁm,r Q&gu nfdlebtidel ﬂ%&ﬁx mwa%utmaaﬁ}egmma

form ng experinents when co red to parental w type nouse

These differ éﬁé—’@@‘f@%‘ﬁﬁl‘é SAGAG+ PEQr dDniNBI 164 deli pr cith 0-2viuM mismdteles
of <0.0001 f Qligsariotde, WhkthGehthink hftﬁﬁnﬂh@dhd@&ﬁﬁﬁit&dg?&h?ﬂﬂrhﬁﬁ&&ﬂﬁé&d W Aglny-
type nouse ¢ ; a r.es i.ble for dru si stan
have been de ?%@%%#%@%G§§§9w°kgﬁﬁag’l‘ @’@?deﬁ"é‘g‘? E&%ﬁﬁf@gﬁmm%??
PALA. are frequtedwxghmﬂmam(bedrhbrycompzmh&etdebcamlse(am‘anﬂht) drug targeted

gene prodgbc di h ! %:EQEE | ongl d
e con '

pol ypepti tai
t r anscar banylyas fiztlysis. (Calls meere

through a rreql%aeupi\oee% M&l&%ﬁh&&nﬁk‘%ﬁ& ﬁasea&e of @3 oth SR

et al., 1992; Yin et al
pri nci pal andipgiectin withgpt ‘i"gﬁﬁ'é"fll%ﬂquﬁf £ GPntpod (). r%%?%‘lsatfﬁi‘@dlﬁﬁ AﬁﬂééW@%I(F)SCGUS

occurs via CA&a&anﬁnnmd-m B16:20; (@) cedibtRated Wit lS-11-T788:20] (@) ellsClob1ed A§tht AS -

devel o ed 0 copcentrati.o of these two
r ugs e 2 o3 RE B Entler L Wb s ERta R Bpf IR Strkete i BR bt isln i
that cells thells peajlttd Wahanwnsmoltgqauqkmg]ﬁat GirgeP AeARLMRMBY i kbépibng @ith their

i ncreased CA 30 with previous
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1990], all col oni esThrprghoybthis appligation, PaTiguspublicationsdngluding Ainitetl Giates pEnts’
gene anpl i fi Qaalpeahshéa E&eﬁt&p@h&%b%k&‘efét@ﬂ@&tb?Qu&HHﬂﬁw y&k oPhumbeld BaR LitatRALE

but not a% ”3 3 m e c8 ons areel\{s%edotpe?o% ! 'ﬂ\etcpxsclcglrueeg% ese pubm:];n ) énG pasten?;/\g\dﬂ\eu

DHFR gene“a
entu'etxes are hereby incorporated by reference into this application in order to more fully

describe the state of the art to which this invention pertains.
The invention has been described in an illustrative manner, and it is to be understood
that the terminology which has been used is intended to be in the nature of words of
30 description rather than of limitation.
Obviously, many modifications and variations of the present invention are possible
in light of the above teachings. It is, therefore, to be understood that within the scope of the
appended claims, tl_}g__igtvenﬁqn may be practiced otherwise than as specifically described.




Direct Test for a Relationship Between R2 Gene Expression and Decreased

Drug 35 Sensitivity. Since hydroxyurea resistant nouse cells contain other
bi ocherical alterations in addition to changes in ri bonuclﬁg’:{./'kgg,’%g&ct ase
[W| ght ‘WO 98/057691989] . the rel ationshi p between drug sensiX}

increased R2 levels was directly tested33sth cells containing a retroviral
expression vector encoding the nouse R2 sequence, and cells containing the
sanme retroviral -26- vector but |'BABLEM the R2 sequence. B3/nR2 is a
popul ati on of BALB/c 3T3 cells containing elevated R2 protein due to the
presence of a retr ovINGREASED COLONN FORMATIONMINGOFJARARBYId B3/SH is a cell -
popul ati on t has-TRANSEORMEIHCELIS CONTAINING FHE RECOMBINANIRAVECTORe enpt y
vector as a control. B3/R2c2 is a cloned line with elevated R2 protein
selected fromthe 5 B3/nR2 popul ation. Consistent with previous reports
showi ng that .elevations in B2 gene expr LQl '

hydr oxyur.ea, Table 3 shows that B3/ nR2 and rI$f>3/ R2c2 cells are si-gni fi cantly
nore resiGelldine to t Herlonje PW%*&EPM HTS° P8O XS gepell inaculige o

conceMtrati ons, when corrpar ed¥o B3/ SH cel 104 These1 esul ts furt her

denonst r at-& : > ~a+-s Of
an activ corrponent of ri bo ucI eot| de . r%%uct ase. rrR2 and B3/ R2c2
cells wer o significantly fegs senS|ti8 to the, toxic effects of

PALA gnd ] P which act at sitgg other thaﬂzrl bonuclbse I de reductase (Table
3). ResislapRe to these two dl’m ranged pgtjveen appgpyg mately 10 fold with
100 nM Miyg4,@Hore than 100 fopd at nost cgpcentratiggps of PALA tested. 15
Furthernm/nmut hern bl ot anapysi s showeth#zhat colientes that devel oped in
t he preseqmce of PALA or MIX comgai ned ampbofiicati onsNpf CAD or DHFR genes
(Fi guzee @3/m@®2t hough as obserseglawi t h nogeeti1z cel |l s NBi gure.5) and as has
been reported in other studies [Hurta and wight, 1992; Hurta et al.,

1991], not all colonies that devel oped in MIX containing medi um exhi bited
DHFR gene Ewgrivinitiec of dolenies presérites were therresvits oliained inliiee independent superiments, s e

cel | s 20 exgept tbwmbtvmdnérghr-%/%wétrgﬁsﬁzrﬂsﬂﬁa'rhlme{eclhscreeelt'o'aﬁrom single;

St ar k22t experimerdy wyithtripligatsrdishes.o M), notdeserapnedges in sensitivity to
chenot her apeuti c conpounds exhi bited by cells containing el evated | evel s of
the ribonucl eotjde reductase R2 conponent were. further tested using N H 3T3
cells containing the R2 expression retroviral vector (Table 4). These cells
(N R2-4) were resistant to hydr oxyur ea when conpared to cells cont ai ni ng
the retrovi raI



25 vector lacking the R2 coding sequence (NNSH . The NNR2-4 cells were

al so si gni f hggBRMbsedOr e resistant to MIX. Al though the N R2-4 reaCAa9mtessed
a trend.toyards resistance to PALA when comaared to NSH cells, this trend
was not statistically significant. This latter observation indicates that
ot-her factors inherent in the genetic di.ltgﬁfne.pces between the cell lines
used in this study, in addition to the increased R2 | evels, can influence
drug sensit | e ENSTAVRPRS S TERVANRDASPRELAFVERILORY FORMIRG EFICRIRIES
are inportant 1n determning drug sensitiyygy characteristics was tested by
investigating drug sensitivities after decreasing the levels of R2, through
expressi on ok, anpRgaanti sense construct introduced into NNR24 cells to
produce the N R2+ASR2 popul ation. Figure 7 shows that the | evel of R2
protein is markedly 35 reduced in NV R2+ASR2 cells when conpared to N R2-4
cells. The NDRBGASR2 cells were significanticgrppmeessensitive to

hydr oxyunea, cBNCA and WX when aozpared t oHl R2-4 celll¥g (Tabl e séb.
Furthernore,_sensitivity to these three drugs in the R2 antisense
expressing cells was significantly increased when conpared to control N'SH
cells contai20uM t he 4 H1268ct Ai06.7 £ 2041 b| 3225)+ 36MbUS @3310HF.€r r | 85@1 £325.2
transfected UM act i v8B&d0Pas #Md térdut ands-WhdbYeni 88178 of (1836 an64
highly rd8i st to cAERABtHer apedBiiclOdgent3-3+RBing ed6.2% 9.9 19938F £ 8The
observation M R2 adbiklkhse exXt®bZion cBLI0BreaseS@EASi ti vidFH£368

N H 3T3 cel |I9HN hydrdR¢uPba, PARASERAd 5 Widdléad ud0T830est (IREE1.2

possi bil ity +4hat—colts—cont-alrihgtas—andmitated pS3 nay also exhibit
reduced drug resistance characteristics in the presence of an R2 anti sense
sequence. Table 5 shows that this is correct. Cells containing the R2
antisense seguenggnare significantly nore sensitive to hydroxyurea, PALA,
and MIX when conpared to cells containing the same vector but without R2 in
the anti sense orientation. These observati ons suggest that at |east one of
the 10 getecaNE.Ng fyeaors rel gyant to drig sensitiyygy of th hi ghly
transforned and malignant cells, is ribonucleotide reductase evel s.

Evi dence thal LOSS Of po3 Proteln FOncrron 135 not Requtred for R2=—vedrated
Drug Resi st aqoaM and Gene+Arpl i fisestiasn. | necii 308 | ON14944 PSP OfgghPP 1454 A
conmon eventébadsoci at apl3wi7izh t hezadavisleopness.7 H11.2 unoexs ansle t he sgggeBpanyi ng
decrease3Pn Wadetic sRAK16ty olgFraaed 15 39187 i gnasiz+aed | s, 3066k6tl5Ng
the ability ¥8nMhder g8.8sifht aned88 1j@%e anisli#£ BB8at i 0nG8 £1é6.Ni ngbDH+e.7al . |
1992; Yin etlS@nM 19985k enak $38t: %4 . , 1305} 13.7Ther 63.9:26.0 e 13056 £06.8 he
possi bility that.

35 The relative colony forming efficiencies are shown + se, and the values presented are from 4 to
8 determinations. Statistically significant differences were observed when data obtained
with H2 (p = 0.0004), H4 (p < = 0.0001), LHF (p < 0.0001), and SC2 (p < 0.0001) were each
compared to data obtained with the parental wild type (W.T.) cell line. :



the increased drug resistance properties exhibited by the R2 overproducing
B3/ nR2 and B3/ R2c2 cells may be occurring through a nechanismthat results
ina Ioss of wild type p53 activity. It has been denonstrat 3is a
transcri pmwosm;t or, and that transactivation 20 by wl d¥ ?g’ﬁéwut not
mut at ed versi ons of p53 i s sequence-speddfic, and correlates with its

bi ndi ng to consensus DNA sequences [ Takenaka et al., 1995; Kern et al,

1992; Funk et al., 1992]. To determ ne the presence or absence of wild type
p53 function in drug resistant col onitABLE3at devel oped in the presence of
PALA, MrX or hydroxyurea, cell extracts were used in electrophoretic gel
mobility shift assays (E UG SENSHTVHIES DEFERMBNED BY003] , to test for 25
sequenZe specific p53 KEANT %wamwmgm:mat drug resistant .
clones derived from R2 overexpressing cells exhibited wild type p53 binding
activi ty These ghservations also agreed with our inability to detect

mut ant p XNUREA | | s fromdrug resistant colonies in .

i 240 tonocl onal anti body [ Gannon et

| rmun RBLL ation assays usi ng

Oggmﬁhlch S nut ant p53. 30
EXANPLE 3 SENSE Rl BO\IUCL SEQJEN" T TARGET
Rl BONUCLEOTTT IC ] . : CELLS. As shown

in the Exgyphes herei gsaibp‘ye fuI |1§1@gg;9r@, anti segpg4Gppst ructs of R2 affect
the tysorogamt city anghpkofst astaﬁ@;mrrpetence:,#?.phw‘mr cells and

suscepti bgsmdy t0 35 ghesohler apegdtgeagents. Amyipants therefore

i nvesti gag.ea\M he pot eolsr 2b.2of shospepzanti senseixgminglructs of Rl and R2 for
their ef f@eginMdn t unor oaekbs2 MATERS ALE AND METHAXS: 6al ony For nmi ng
Efficiency and Treatnent of Cells with Antisense Constructs: Col ony form ng
-28- efficiency was determ ned as previously reported [ Huang and Wi ght,
1994]. ThB. BALAs were cultured for 24 hours at 37[err]Cin growth nedium
with 10%fetal bovine serum The cells were washed in 5m phosphate

buf f ered S@8NGe, pH 7B3/SBnce pri 83mB2 | i pof ect BHR2¢2 ol i.gonucl eoti de

treat nent—é—f-——qihe—e-H—ge-m*e-l—eeH—des—bemg—t—es-t-ed—mere added-to cell

cul tur®s jn .the presenfg f 2.5 ] f DOTVA/ L| pofectin; Life
Technol og i Inc.) f F hour%6 Ilgonu was tested at 0.2
[err]Mun ot her wi cated s wer uItures treated with

lipofectifymg 0241014 276is9 159140
30 60pM 0.12+0.05 250+64 18.7+5.3
80 uM 0.17+0.08 2711675 200+ 49
C. MTX |
CONC B3/SH B3/mR2 ~ 'B3/R2c2
20nM 1926 +44.6 1055.0+£239.0  3824+713
40 40nM 15.7+2.9 6211838 60.8+13.0
60nM 6.1+20 76.7+21.6 64.1+205
80nM 22+07 175436 201+ 55
100 nM 15405 123128 210+ 7.2
150 nM 3.0+11 230+7.6 33.4+14.3
45

The relative colony forming efficiencies are shown 1SE, and the values presented are from 4 to

12 determinations. Statistically significant differences were observed when data obtained

with B3/mR2 or with B3/R2c2 were compared with data obtained with B3/SH (all p values
50 were < 0.0001 for data obtained in the presence of hydroxyurea, PALA or MTX).



but wi thout the oligonucleotide. After 4 hours the medium containing the

ol i gonucl eqfd gigosvgs renmoved and washed with 5 m of growth NRCT/CAD7/(I540
cells were then cultured in growth 10 nedgym contai ning 10% fetal bovine
serum'for’ seven to ten days. Surviving cells were visualized by nethylene
bl ue staining, and colonies were scored. In some experinents cell aliquotes
were renmoved fromthe culture and vi abllrth yas determ ned using the trypan
bl ue exclusion test [Phillips, 1973]. Resu 'f.s wer e anal yzed as percent of

surviving cells conmpared to GHit¢ SEnSRIVETESIOETERIEDBY\Nt | Sense nol ecul es

were idengified that tar gﬁLgﬁbgmmeﬁdmmcﬁgsﬁMMn bel ow t hey
were cytotoxic for a variety of human tunor cells. Sequences were found

that facilitQigdpgoxyuRgEatoxicity for drug resistant tunor cells. That is,
at very | ow non-cytotoxic concentrations, antisense sequences targeting

ri bonucl eot igguyeeduct ase_can_senscripigngsunor cells 20 to the cytotoxic
activityief cona cally i RpsHt ant ciNgRBUher apaN/R2£ASRRTPOUNdS. I n initial
studies two antisense sequences of 20-ner, designated AS-11-336-20 and
AS- |1 -2229B-20mMli r ect ed1.agadazt t Hel R2.8BMRNAOMBE®.3dade and i nvesti gat ed.
The first, ARmM 336-20, 0Ahs04he sdgbskle 5' 018E 016G AAG ATC CTC CTC
GC-3(SEQ I D No: 1), and targets the R2 nessage of human ribonucl eoti de
reduct ase at nucl eoti des 336- 355, based on the 25 nunbering of R2

nucl eoti des BFBALYIf et al., 1992]. The AS-11-2229B-20 sequence is: 5 -TCC
CAC ATA TGA GAA AAC TC- 3 SEQ I D No and efs the R2 nessage at

nucl eoti des $9D§- 2248, BBV AS-II ﬁ&zz‘o and "5@1?4‘&‘92295- 20 were

construct ed as—phosphe L e tHeRces —agai nst nucl ease
activity [A o] et aI . Ant| e co AS-11-336-20 was tested
for the abi | J37to inhib{ QEE% 620533 qs”t‘*

?7{1) I|fera human tunor cells
S

(Hela) inr ve colon 2ency oqﬁ&q{d‘,rrents as descri bed
herein abovey gl a S3 ceE]sgig rrerl @3N ype CldaWeaCol | ection, Rockville,
Maryl andgsg AT, and a Hglyg+eeg! | 18 +0lde! a Tl gapevi ously sel ected for

resi stance tg,npe antitugnpysagent, -onydo@dsyur epal\bdsoht et al ., 1987], were
tested (Table 6). Two experinents were undertaken with Hela S3 cells. Wth

a 4 hour treatnent of 0.2 pMantisense construct 35 AS-I11-336-20,

i nhi bition o€. MA% and 82% was seen in colony formng efficiency in two
experiments, respectively. The same experinent was repeated with the Hela
ImM cel | |1 néoaKd wi t h. vaN/githg cond‘éﬂtﬂf‘htl onN/B2+ABB2ant i sense construct

AS-11-336-2 an effective
concentration for inhibiti ng col ony formation.
- 20nM 655+74.8 540+ 25.1 423+119
35 4mM 21+121 147t 4.2 3.5+19
60nM . 34+ 22 . 62.2:£30.7 19+1.3
80nM - 5050 504+ 239 25+15
100nM 42125 66.1+32.8 1.1+06
150nM ~14x 09 21.0+£115 0, n=4

The relative colony forming effeciencies are shown * SE, and the values presented are from 4 to

6 determinations. Where 0 is shown the number of determinations using 1 x 105 cells per test is

shown as 4 (n=4). Statistically significant differences were observed when data obtained with

N/SH in the presence of PALA was compared to data obtained with N/R2-4 or with

45 N/R2+ASR2 in the presence of hydroxyurea (p = 0.0001 in both cases) or in the presence of MTX

{(r = 0.0002 and 0.032, respectwely) Statistically significant differences were also observed

. when data obtained with N/SH in the presence of PALA was compared to data obtained with
N/ R2+ASR2 (p = 0.002), but not with data obtained with N/R2-4.



These data show that AS-11-336-20 is a very effective inhibitor of human
tunor cell colony formng ability, and it is effective both in inhibiting
the proliferation of human tunor cell colony form ng abili ngd 1

i nhi bi'ti mOvses769 ol i feration of human tunor cells that exh*%?’g“%@ﬁ ance
to anot her chenot herapeutic conpound. SPéilarly, as shown in Table 6,

anti sense construct AS-11-336-20 is an effective antitunor conpound in
experinments performed with the nouse tunor cell line, SC2, which is a

hi ghly hydroxyurea resistant nouse LTABLESIine [McClarty et al., 1988]. The
anti sense sequence AS-| |- DRUSESENSKIEVITIESSBETERMINEDBY the ability to )
i nhibit the proliferatRBBATSVE GOMONY FORMINGEFFEGIENCIESx104| at i ve col ony
formng efficiency experinments with results simlar to that of AS-11-336-20
as shown A-nHYXRRQXEL ese data show that AS-11-2229B-20 is a potent

antitunor_agent when tested with He el |s and with the drug resistant
Hel a 1niM C 1ine. The—aat+—se : 3 as al so tested

for tQﬁ a Fty to inffbr ' n ik [rren” br east cancer
cell I'fn ' —The

ri bonucl epf | reduct SR ANt 1R conshi Mebyslesignalgd AS-11-2229B- 20
was test t unor Qéfilé;yt ot 9xbGlalyy by aggumalr | ng gdg, é esul ts obt ai ned
Wi th hunegahiimor and hegis 7sunor egalds populiakians. Hejsy £¢ tunor cells and
W 38isor non-t unogggan ¢ hugpk el | s wesa arsed. 1appe cells were found

to be nuchssmar e sensi ggwa.d o t h@2aupt oxi qeffacts ofgsA&e!l |1 - 2229B- 20 t han
nor mal nomerhMnOr i geni 0.7¢@3 s. FoBxanpl e66aadysi s x8+0el | s three days
after antosaMse exposasBeliandi caad@0at t brlzel | s oder@3approxi natel y
5-tinmes nore sensitive to the cytotoxic effects of AS-11-2229B-20 than
normal non-tunorigenic cells averaged over 4-8 determ nations. These
results i BdP8bAe that short ol igodeoxyribonucl eoti de sequences in an
antisense orientation are excellent antitunor agents, and suggest that

ot her ant FOMGe const RF3SH t hat RESARR2  hREPSHessa RPUAFRhave sinil ar

properties- hi bit sui.table

energy related charac i.stlcs inportant f j.gonugl eotj de dupl-ex :

formati on; h their 3 nt %5%’33 I at]%g;‘g) d V\/njj6 Ql ow a | ow

pot enti al sel f-di pLZatTon Q=25 f-co‘gB;‘g? nt atéé 5 nazodo et al .,
150% 4! “R'ﬁr

s,

1996] . An | ysi's of A PSE N0 a LSRNt er pgdram (OLI GO, Primer
Anal ysjys war e, Velgslifl 3. 4) o Mpggcarrifygscdt to ﬁg}f%ﬁ ne antisense
sequence ing tenpaatug e, freergnergy 3sapedti esjzapgsto estimate
potential self-dinmer formation and sel f-conpl enmentary properties [Anazodo,
et al., 1996], of a series of additional antisense sequences (Table 7, SEQ
I D. NOS. & M) designed to R

CONC RP3/SH RP3/ASR2 RP6/SH RP6/ASR2

20nM 961.7+ 134 485.9 + 165 1856 +464 1504 + 486

40 40mM 347.1 £154 778118 172+413 91.51+28.1

60nM 1238+ 64 18.1+ 6.2 773+ 15.6 49.9+14.1

80nM 66.5% 37 44108 68.7 £ 16.7 360160

100nM 348+ 21 0.6+ 0.06 4661 5.6 144+ 38

150nM 47+3 02+£0.1 111+ 44 3509

The relative colony forming effeciencies are shown  SE, and the values presented are from 4 to
10 determinations. Statistically significant differences were observed when data obtained
with RP6/SH was compared with data obtained with RP6/ASR2 (p = 0.0001, 0.0001 and 0.0001
in the presence of hydroxyurea, PALA and MTX, respectively). Significant differences were

S50 also observed when data obtained with RP3/SH was compared with data obtained with
RP3/ASR2 (p = 0.04, 0.0001 and 0.004 in the presence of hydroxyurea, PALA and MTX,
respectively).



target the R2 message. Table 7 shows a |list of the additional R2 antisense
i nhibitors 1 ~GPPT opriate properties. To test the anti sengerseibwroisso of
nany , of tpgvse Sequences, as phosphort hi oatg deoxyribonucl eotides, they were
exam ned In relative colony form ng experinents perforned with a series of

~human tunor cell lines. Many of these antisense constructs, as predicted,
are potent inhibitors of human tunor ce% pgsol iferation. For results
obtained with cancer cells -30- deri V&% om the bl adder, breast, |ung,

Vi Vo stu%i es with AS-IT- %%M%Néi‘c ce as reported

in Tabl e 13 and show a significant reduction n netastasis in the antisense
treated m ce. Based on Exanple 2, treatnent of human tunor cells with very
| ow concent gt i QM§EOHefa s3Short anti sense sequences was tested to determ ne
i.f these constructs could sensitize the tunor cells to inhibitory effects
of ot herjgchemgiher apeuti c dr ugsahif.he concentggici on useé, Mg, not cyt ot oxic
in itself as sApmmag-soaTabl e 6. The treat AwmizepB-ddel a S3 and Hela 1mM cel |l s
with 0.02 [err]Mof the AS-11-2229B-20 antisense construct increases the
sensitivity of these cells to N (phosphonacetyl)-L-aspartate (PALA) and to
nmet hotrexate (MFX) as shown in -Table 9. 10 TKese observations indicate

t hat antissense02pMpounds t argé¥ng the R2 nme®@add can abb%synergistically
with well knowA2pMenot her apelit8¥ agents. R b@Hu¥eoti de8p%ductase is
conposed -of two dissinilar protein conponent@2hbMed by 9% distinct genes,
Rl and R2. Therefore, the results descri bed #¥nabove 98%hggest that the Rl
nmessage nmay al so be an appropriate target for designing short antisense

nol ecul e® t r&;&‘zg‘%rég‘@&% ent antitunor activity. To test this

possibility i bonucl eoti de phosphor ot hi oate sequence in
antisense orientation, desi gr%gﬁg AS-1-1395-20, was co Slt“k cted and its
antitunor abi @%}" e test3d™he ant| k -'g_ tru -1-1395-20 has

t he sequance - ATC TTT GTA GAG CA-3' | D No: 103), and targets
the Rl nmessage at nucl eotides I395- 1414, AS snown in Tapte 10 it is an
effective inhibjtor of tunmor ceJl 20 prolifegation using Hela S3 cells and
Hel a 1mM drug- pefimit ant cel | s.isghese resul t sy, nstrat eghe useful ness of
desi gning anti a@sya@ sequences gshiat target the messagege, and suggest that

ot her padeenti-abisiNnies may al scole ef f ecti ve. oddyavef ore, 2iae R1 nRNA was
anal yzed in a ee2auMh for anti s8s#se ol i godeoxg.odfMnuc| eotsyge sequences t hat

‘col on, pancreas, prost } L Néﬁﬁﬁgg?&%@% addition, in
g

exhibit suitable characteristics (as done 0.05uM 48%
T 0.05uM 50%

. ' 0.10uM - 78%

35 0.20 pM 97%

020 pM - 0%

CELL LINE: Mouse SC2

40  Conc AS-11-336-20 % Inhib.

o | .
02puM 95%



for R2 nRNA and descri bed above). Table 11 provides a |ist of additional
anti sense sequences 25 wth characteristics that are consistent with being
antitumng, . EXAMPLE 4 | NHI BTI ON OF TRANSFORMATI ON BY_ R2 ANTI SENSE
Utilizi ngcf%%;n@t hods set forth in Exanples 1-3, the inhi FF¢VEAIPR0540
transformation of mammalian cells by tregg.nent with the R2 anti sense
sequence of the R2 coding region [Fan et 30 al, 1996b] was undert aken.

Nl H 3T3 nmouse cells containing the Hras oncogene were transfected with
either the antisense orientation of thggfg coding sequence or the sense
orientation of the R2 coding sequence. The results shown in Fig. 9

denonstrate that ANTISERSESBQUERCESDESIGNERTO TARGSTIREIS NESSKGE L here was a
decrease in transforned fOCI and reduced soft agar grovvth (Flg 9, lane b)

conpar go—to —CO %
her ei n |#RYydD B& t rsgq.rgaa sn. gan cooperat e Wity I-gtd
by the |

mal i gngncy as sho

9, | ane

descri t%‘i:;i;ﬁbehﬂ‘sd Wﬁkz@t e A%‘ &cI\ éfccclqg' ony 1

of 15. 4a. qousd I ni ng
4.42. 62 I celfl cont aining the Hras o cogen and t
antisengg&geu&‘lg @lﬁgiolz Fﬁrrccﬁf'#: RHfSATES | 4 6E{Bnt : ﬁi’?ﬁg t e
H-ras dncogene and e codi ng or RZ W B0 AWRLE 5 5
West ern] s@%t‘”a’ﬂeﬂsy | AS-Ihfl4-205- | ITGS?EB'CQOACﬁﬁTm(tGﬁdﬁ‘ of ri ,

ed for

reduct dSeé RZ pro savas

4 hour 4 SHQ HDgNax6t Asani-nﬂm S sbut .tdjlgut
ant i serfse~otrgonm aYald ~TMa .2 .M
AS-1 - dai@n(ihy Jnatisish c lﬁaave sigated for 4
hour s it h arowt h ded ectln é % 0. 2
ol i gonyd ' scrianp cont ai ns he sang proportion
of nucl bdﬁ?'ﬁur 0 9@ |- SIS £ er en :P -
( ACGCAGTCAGCTAGTGAGAC SE% ID. NO. 164 C) or wt err vi'm sngt ch
ol i gon SEG AP Ro:9  fiAHI-E%1 ail $SCHEATEGECRGE ot i de mi s %Ih -aWon en
g

conpardqgd to-AS-TT- [626-20 < cnanged to Cree) cor. i cant
decr eaqSEQh IR2Npx16 t]ASAI-109-20U s COGITCACETAEAGHsAGTSITAS- 157.62,6- -@1 £ b) en
conpar ﬁmrr-H(a, T aIIWU}

SEQ ID No:11 | AS-1I-110-20 | ACCCCTCACTCCAGCAGCCT 573 -41.2

SEQ ID No:12 | AS-1I-114-20 | GGCGACCCCTCACTCCAGCA 61.8 -43.2

SEQ ID No:13 | AS-1I-127-12 | GCACGGGCGACC 41.7 -28.8

SEQ ID No:14 | AS-11-130-20 | TGGGACAGGGTGCACGGGCG 67.6 -46.7

SEQ ID No:15 | AS-II-13420 | GACGGCTGGGACAGGGTGCA 62.6 -432

SEQ ID No:16 § AS-1I-151-20 | GAGCAGCCAGGACAGGACGG 59.3 -41.7

SEQ ID No:17 | AS-1I-163-20 | GsCGsAAGSCAGsAGCsGAGSCAGCsC | 62.1 -44.3

SEQ ID No:18 ] AS-II-166-20 | GCAGCGAAGCAGAGCGAGCA 614 -43.1

SEQ ID No:19 ] AS-1I-185-20 ] GGGAGAGCATAGTGGAGGCG 56.0 -40.9

SEQ ID No:20 | AS-1I-189-20 | CGGAGGGAGAGCATAGTGGA 54.1 -394

SEQ ID No:21 ] AS-II-201-20 | GCGAGCGGGACACGGAGGGA 63.5 -45.1

SEQ ID No:22 | AS-II-217-20 | CGGGTCCGTGATGGGCGCGA Jeos -438.8

SUBSTITUTE SHEET (RULE 26)



15
fol |l owi ng %@
det erym. neq% ter

Decrease in R2 protein levels in nouse L60 tunor cells

n bl ot analysis.

with a variety of R2 anti sense ol i gonucl eetv€Eles 008
Cells were treated for 4 hours with
0.2 [err]MollgonucIeotlde in the presence3f |ipofectin (b to f),

or with

| i pof ectin without oligonucleotide as a control (a). (b) Cells treated as
AS-11-667420; (C) celfs treatedjwth AS-11-816-20; celjfl s trepted w tjh
AS- 1 | - 1283 SEQ; 1P gYo:ak | AS-T-22830 e AGCTECTRCGFCTCOTAARS. 20 Ji6d4 (fR-486l1s
treated wi Saus s
treated WiH cgt:cﬂ'e@AGdJ@GcGarget the Rf solBNA, | i3aakeegi ng
with thei “TREE-TE == = CFISNA | ).
Thr oughout 1104k024 2 1&%5,- ncl ud| Uni oSt atles
patents ai &k? E‘i’aﬁsﬂ[}md %Et ont Zgn b??g???ﬁ?ﬂ% Lpfgrfpnrpd_J \rgig'asut rgand fear
or nunber. FuII citatijons 25 §{t12‘8 ations are liqted bef qw. Thg
di scl osure§ 9f Hies 26 éﬁr‘}%"ét‘?o s i n their endi**éti ep22fe |
her eby i n¢0 IS application rnfjorder go nore]
fully desd rSElQelDH!o 281 a§-1b323t2Ae 5€€T€@C%T¢:WQQTC§3quent i qib4per t pidhsS. Tre
I nvention SCLLILIL B B ¥ ST 8 B U B VA SR 120 R 1014 oy | (0 .
UﬂdefSt 002 SEQID (628 mbmcb@c@mmi S i nt fsnfded m be I rl
t he natur -¥= , - Y,
many nodi ffi sy O : Y ventio Le pp bIein
| i ght of ﬁ%%tagﬁsr}io?g P\éﬁf’\%% 2 ré’réc_r %pj Qr pabfrgehp 11ndd Lsgtznn ?j‘b
within thg scope of t entlonma be prhcticed
ot herw se| 1S ? ggg?:rggaccjﬁccqg\ $1§D By
FORMATI ON ; FCOVET NANT
R2 VECTOR 1414i t h
varyi ng ce ;
104 nPJ SEol% em ]32 CWsIt41220 | GCGGCGGGGGTTTTCTCICA 62.8 35.8
669 C1/ e Gl |
yi)l sEQ 18 2No:33 IAS-H#]Q% | mdlcE&caaaaaTTTTCTCT ®F |8 1,
NRA/ mR2 ¢ SEQ ID No:34 AS-II-425-2).21 GGMGATGA%ﬁAGCGGCGGlZ?lO 59.4 -43.0

SEQ ID No:35 | AS-1I-439-20 | ATGGTACTCGATGGGGAAGA 50.8 -37.8

SEQ ID No:36 | AS-11-472-20 | AGCCTCTGCCTTCTTATACA 46.1 -35.8

SEQ ID No:37 | AS-11-494-20 | CCTCCTCGGCGGTCCAAAAG 60.4 443

SEQ ID No:38 ]| AS-11496-16 | TCCTCGGCGGTCCAAA 548 -37.0

SEQ ID No:39 ] AS-1I-549-20 | TATCTCTCCTCGGGTTTCAG 484 -36.7

SEQ ID No:40 § AS-1I-579-20 | GCAAAGAAAGCCAGAACATG 50.0 -372

SEQ ID No:41 | AS-1I-619-20 | TCGCTCCACCAAGTTTTCAT 52.1 -38.3

SEQ ID No:42 j AS-1I-626-20 } GGCTAAATCGCTCCACCAAG 53.9 -40.3

SEQ ID No:43 § AS-II-634-20 ]| AACTTCTTGGCTAAATCGCT 480 -37.6

SEQ ID No:44 | AS-11-667-20 | GAAGCCATAGAAACAGCGGG 53.9 -40.3

SEQ ID No:45 } AS-11-784-20 | GACACAAGGCATCGTTTCAA 509 -36.8

SEQ ID No:46 | AS-II-798-20 § TCTGCCTTCTTCTTGACACA 48.0 -34.9

SUBSTITUTE SHEET (RULE 26)



r-3

314 30917
resulfs
for r-2W

71 10011
ND a The nunber of col onies presented were the
9t&s‘gﬁned in three i ndependent experinents, except HJI

% _2/nR2 cells which were the results from/ SI

experinments with triplicate dishes.

ND 20

ND- 4ot det er m ned.

r-3/ m2

%ﬁ? I&%@l ned

SENSI TI VI TI ES DETERM NED BY RELATI VE COLONY FORM NG EFFI CI ENCI ES x10[ err]

A. PALP

WT.
172. 3
325.2

187.6 |

9.9
25. 06.

10. 73.

H4 AS-11-909-20

20.9 ™3 a 2L B B80. 2§ 147. 2 o0 M 2. 37,

34.7 [SEQ ID No3515§ AS-8:-933-20 STCABCCTEGTTBONM

20. 0 |GGGt Gm—t— i’

10.0 |sE@ b hﬁr& As-fhg8ad 'FGTAAA?&:JCIQ: T&?ci‘céﬁo nM

9 4 29 2 RQJlR 70 Q 20

fc’”“”?lsé‘t;»I &'pﬁ,?ﬁ PRs Sl oo

8 det ek hatl ons.

data optained withfH2 (p = 0004%1_%5

0. 0001)SEQP Jes5q AT GG

parentgl WTO LypeJ(W TI.) ce
SEQ 1D No:55 ] AS-11-1023-20 TTGTGTACCAGGTGTYIGM
SEQ ID No:56 | AS-1I-1040-20 § CTCTCTCCTCCGATGGTTTG 51.1 -37.7
SEQ ID No:57 | AS-I-1048-20 | TTCTCTTACTCTCTCCTCCG 45.2 -35.0
SEQ ID No:58 | AS-II-1144-20 | GTATTGCTTCATTAGAGTGC 41.6 -33.0 .
SEQ ID No:59 | AS-II-1182-20 } CCCAGTTCCAGCATAAGTCT 48.4 -36.5
SEQ ID No:60 | AS-II-1197-20 | AAAACCTTGCTAAAACCCAG 48.3 -37.8
SEQ ID No:61 ] AS-1I-1217-20 | CAAATGGGTTCTCTACTCTG 43.7 -33.8
SEQ ID No:62 | AS-II-1224-20 | ATAAAGTCAAATGGGTTCTC 42.6 340
SEQ ID No:63 | AS-II-1254-20 § TTAGTCTTTCCTTCCAGTGA 438 -339
SEQ ID No:64 § AS-1I-1278-20 } TCGCCTACTCTCTICTCAAA 46.8 -35.6
SEQ ID No:65 | AS-1I-1288-20 | CCTCTGATACTCGCCTACTC 45.6 -35.1
SEQ ID No:66 | AS-II-1302-20 | GACATCACTCCCATCCTCTG 48.7 -35.3
SEQ ID No:67 ] AS-11-1335-20 | GCATCCAAGGTAAAAGAATT 45.6 -36.)
SEQ ID No:68 | AS-1I-1338-20 ] TCAGCATCCAAGGTAAAAGA 47.4 -359
SEQ ID No:69 } AS-II-1342-20 § GAAGTCAGCATCCAAGGTAA 46.7 -353
SEQ ID No:70 { AS-II-1345-20 § TTAGAAGTCAGCATCCAAGG 47.0 -35.6

PROG
SEQ ID Nd47

1 L aWal al

AL IT L VUTI

AS-11-816-20 '—NTCCAGCGCAAGGQQGBGTC

—CELC
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di fference$

wer e conpal
0. 0001 for

5 RELATI VE COLONY FORM NG EFFI Cl ENCI ES x10 4 A
HYDROXYUREARef 305769 B3/ SH B3/ nR2 PCBEARIGHBAD. 1
mM C 3.3 1.4 1310319.0 830.8 + 97.0 15 0.4mM
0.17 0. 19 14.6[err]4.0 33.7 1410 0.5nmMm 0.21 0.14
6.5 4.6 26.911.9 0. 6nM 0.410. 22 5.23. 7

12.5 4.6 O] 8mM " 0.19 O 62 2.6 + 1.4

PALA CONC {SEQ ID No:7IghA&yl-1362-20 GCACWG’ITCA’I’ITA

17.911.0 955, U p20. 7 1230.09/7.0 20| err|M

120.1 28. §SEQ ID Na57zl|ASH-¥64-10ef GGGCACATCTTCAGTICEST 0. 01

20.2 6.8 bo{=atmimiuid aw —nacr Pl G

60 [err] M lggq 1p, Nos7)| ASn- B2 | aangRréhaderhaTances 18- 7

0.17 0.08 7 167k 20 0.4 0 C NIX CONC

B3/ nR2 B

382. 4 [ERR|SHQ. WP M’%{él %gﬁ;%&ﬂ% ATGGM&A%@&. 1

60. 813. 0 6pnM 6. 12. 0 76. 721. 6

2.2 0.7 SEQ Yy Nsg75| AS-11-1438-20 PRTCATGGTSTSOETAGHIRE -

12.32.8 . ZL. 01 7.2 1Io0M 3.0 1.1

33.4 14. 3 #SEGhD ™a:26

val UeS pPr € 3aiinotmarag=—t

SEQ ID No:79 ] AS-1I-1560-20 } GTAAGTCACAGCCAGCCAGG 52.2 -37.8
SEQ ID No:80 ] AS-II-1581-20 | ACTGCCATTGTCACTGCTAT 47.0 -34.9
SEQ ID No:81 | AS-1I-1659-20 | TGGCTGTGCTGGTTAAAGGA 53.2 -38.7
SEQ ID No:82 | AS-II-1666-20 } TTTTAACTGGCTGTGCTGGT 50.0 -37.2
SEQ ID No:83 | AS-I-1700-20 | ATTAAAATCTGCGTTGAAGC 46.8 -36.6
SEQ ID No:84 ] AS-1I-1768-20 § TATCGCCGCCGTGAGTACAA 56.5 -40.9
SEQ ID No:85 } AS-1I-1773-20 | GCTATTATCGCCGCCGTGAG 57.1 -42.6
SEQ ID No:86 | AS-II-1775-12 f ATCGCCGCCGTG 42.9 -29.5
SEQ ID No:87 | AS-II-1790-20 § GAAACCAAATAAATCAAGCT 434 -34.9
SEQ ID No:88 | AS-II-1819-20 | TTAGTGGTCAGGAGAATGTA 41.7 -32.5
SEQ ID No:89 | AS-I-1976-20 | TGGCACCAACTGACTAATAT 44.5 -342
SEQ ID No:90 | AS-1I-1989-20 } CCTGTCTTCTATCTGGCACC 48.6 -36.2
SEQ ID No:91 | AS-T1-2009-20 ] GCCACAGGATAAAAACACAA 47.7 -35.9
SEQ ID No:92 } AS-1I-2026-20 | CCCAGGACACTACACAAGCC 51.8 -37.5
SEQ ID No:93 | AS-1I-2044-20 | TCAGAGGGGGCAGAGAATCC 55.4 ~40.2
SEQ ID No:94 | AS-II-2067-20 | TCCTTTATCCCACAACACTC 46.3 -35.0

SUBSTITUTE SHEET (RULE 26)




DRUG SENSI TI VI TES DETERM NED BY 5

EFFI Cl ENCI ES x10[err] A. HYDROXYUREA DRUG

RELATI VE COLONY FORM NG

CELL LI NES

100 CONC N SH N R2- 4 N/R2+ASR2
1.14 OMOOSHY 1 o5  0.49 0.34 0.4nM Herloso o
6.7 0.14 0.14 B. PALA CONC -42- N SH N/ R2-4
N R2+ASR2 10 [err]m 5.281.5 6.22 3.3 18108 15 [err] M
5. 83 £—?—1:e—e—5—5——e—5-e| 6—S—20—pivt 63 t +—F+—l. 2
0.04 (sBd D5 N&9s | Ws-11-2083-20 cﬁrﬁx@:cﬁ'GAGAc&Tﬁ'cﬁﬂ QszQs4 0 Cbéo25
30[ er r = mc& Ot
0.270.2 . 112085 | SHa0qg = :
S ea2 fsEQ fb yﬁg@@ 20882 cc&@?éc%l@cmrrsccyr 2910 be
40nM ! 60nM : 3.4 2.2
62. 230 ?EQ m N7 éﬁ 128-20 &éZCéA‘EZS‘Z‘EA@“%‘%M 24 Y3 }4? 5 joonm
4.2 2 66. 1 [32.8 ¥1 0.6 150nM . 1.p 0.9 21.(011.5
0, n=4 ] SBQrHPdh% AStBAG1-20h M@GGﬂWAﬁre sh 6.3 SE}-3ard t He
val ues CoC SV Gt 1S v - 0 S mv ALY e
nunmber sEQdmemmm Gmmmmqmctest aszsho s6S 4 {(n=4).
Stati st S ES ok —obt-at=ed Wi th
N/ SH i si: elﬂ”esen %s@f-zn?- 0 Tcﬁcﬂﬁka obt 2 eld 43 3V R34 or
with 4bNoNg@®+ASR2)in the presence of hydr oxyur ea ([er ‘? 0031-i bot h
Cases) \ /] — N _NN0 ~Tala % | Nkt i vo .
Statisfi sign Adi ‘2&9 obser fata dbtai ned
W th ggﬁiythep?ence of é‘ﬁt was conpareg’q.o dat a otal ed™w t h
N R2+A%g errl = 002) bt _not i s ained I ey

SEQ ID AS-11-2372-20 | CACACAACCTACTTACACCA 427 -32.3

No:102 :
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TABLE 5 DRUG SENSI TI VI TI ES DETERM NED BY RELATI VE COLONY FORM NG

EFFECI ENCI E% 3&%9;&!’ r] A HYDROXYUREA DRUG PCT/CA97/00540 CELL
LI NES CC]\JI RP3/ SH RP3/ ASRg} - RP6/ SH RP6/ ASR2 |1 0
G.1 i 263.6 [err] 19.3 109.8 43 201.3 27.2 43.8 12.3 0.2nM
53.6 13.7 . 35.5 8.4 8.6 2.5 0.3mM 20.8 7.5
6.6 2.5 Fg%(%%tegffriable74 5 1.1 15 0.4nM 5.81.9 1. 00. 2
10.84.1 A A Miowi 4.8 1.9 0.2 0.1 12.1 3.9

15 g o, aeieiadd i Mlowing 0.30.1 6.6 2.9  1.50.7 0.8mM
0.8 0.3 A%,J.an&exg@ 1.7 1.2 0.4 0.3 B. PALA CONC

RP3/ SH n RP& ASRZ RP6/ SH RP6/ ASR2 10[err] M 2569
338 1183384 4619648 2083 960 20[err] M 123.4 19.3 86.1
32.9 122 G35 Brst nusdbeét indicatéa[the fitkMucleotide position #the B2 SnRNA sddliehce. 4. 7 450
129 316171 40[err] M 15.0 4.9 4.70.6 271 68

116 54 30 SBpescopdhumber indicates the légthtof the sequéncGeginent. 109 23 41.7 23
60[err] M 3.9 1.6 0.3 0.2 55.5 13 13.2 6.3 C. MIX
CONC The sequ@e $49-11-2229A shpen ixghe Table grthesequence AS-II-E328B ASRAb&Dmthe

961. 7134  texgsrecitgmate seqenesouith 2229A dypemfem Al verstonef R2 in GENBANK 347. 1 154
77.8 18 1submitted by Pavlogf) and 2228B chagerfypm the version publisteedgby Faarloff et 3B JIDNG. 2

77.3 15.6 Sequeycing andMapping, 2:227-234,1992. g5 5 37 4.4 0.8 68.7 16.7
36.0 6.0 | QOnM %4.8 21 0.6, 0.06 46.6 5.6 14.4 3.8
150nM Sequenaes7»3ere fully 106te§ %leis partial thlfationzfs Anchcategi. (5). 0.9 The rel ative

colony form ff cies he yal ues presented are
from4 to 16?%&? ﬁﬁ%ﬁ"agc FORE? %{tol §(fnu81 %Ed% "ﬁ".“&‘%nt di fferences were
observed wh 8fc d=af;r& eQ\Qltg? krgl%gs for ohgonucleohde—complement dimer formation.

In addition to the above analysis, estimates of potential dimer formation (D), potential self-
complementary interactions (H), and the potential to bind to sequences in the R2 message other
than the target sequence (B) were obtained. Analysis and estimates described above were
obtained by using the computer modelling program OLIGO Primer Analysis Software, Version
3.4 (distributed by National Biosciences). The program allows the determination of Tm°C and
dG values, and also provides a qualitative estimation of the D, H and B parameters indicating
“no potential”, “some potential” or essentially "complete potential”. In choosing the
oligonucleotide sequences we gave high priority to sequences that exhibited high Tm°C and dG
values, which are important for tight binding of antisense molecules to their complementary
strands, and high priority to antisense sequences that had estimates of no potential in D, H
and B. Of the three categories (D,H,B) the most important ones were D and H, since B (i.e.
binding to other regions of the R2 mRNA in addition to the precise target sequence) may
enhance rather than compromlse oligonucleotide activity. Most of the sequences shown in
Table 7 had no potential in the D and H categories. Some sequences exhibited “some potential”
in D or H and were later found in tumor cell growth inhibition studies to be effective (Table 12)
and therefore were also included in Table 7. We found that this approach to choosing
antisense oligonucleotide inhibitors was extremely effective, since the vast majority of the
chosen sequences exhibited anti-tumor properties as shown in Table 12.



w th RP6/SH was conpared with data obtained with RP6/ASR2 (p = 0.0001,
0. 0001 and 0.0001 in the presence of hydroxyurea, PALA and MIX,
re.spect.i&x@:%s_ﬁgi gnificant differences were 50 also observed when data
obt ai ned" Wi 3/ SH was conpared with data obtained withPRP4ARZESP, —
0.04, 0.0001 and 0.004 in the presence Of hydroxyurea, PALA and MIX,

respectively). TABLE 6 REDUCED COLONY FORM NG EFFI Cl ENCY FOLLOW NG 5
TREATMENT WTH R2 ANTI SENSE CONSTRUCTS CELL LINE: Hela S3 10 Conc.

% | nhi b. conc. oAARES. AS-11-336-20[err]

ASI | - 2229B-20b 0 0 -
15 02[err]M  TREATMENT WITH, A} R2 ANTISENSE CONSTRYCHS [ or | M

50% 0.2 [err] M 82% 0.10[err]M 80% 0. 20
[err] M coNsTRUETY 0. 20 || M . lg. | MM Conc

5% nhi b ConoNEM cor B by mgsbimch il ™
AS-11-2229B-20b 25 0 0 0.01 [err]M
15% AS-11-2229B-20 0. 01 gloarr] M 25% 0%0.05 [err]M L 25%
0.02 [err] M 0% 33 O.5kpuer r| M 60%

0.03 pM 21% 0. 20[omsr | M 78% - 85% 0.04[err] M

34%0.05 [err] M AR%D0. 05 [errdadd 50% 0. 10 [err] M 78% 35
0.20[err]M : 97% 0.20 9% ' _



020 [err] M 90% CELL LI NE: Mouse SC2 40 Conc.

AS-11-336-20 % Inhib. 0 02[err]M
95%  TAB 98 SENSE SEQUENCES DESI GNER TO TARGET THE ro PRSI S | b
No: * *'Nane Sequence 5 - 3 Tm TC dG kDa/ mol. SEQ
ID No:3 AS-11-6-20 ACCCTTCCCATTGGCTGCGC 62.8 -45.5 SEQ
I'D No:4 AS-11-13-20 GsCCsTCOGSACCsCITCSCCSATTSG  60. 1 -43.7 SEQ ID
No:5 AS-11-14-20 TGCCTCOGACCCTTCCCATBLES 60. 1 -43.7 SEQ ID
No:7  AS-11-75-20 FQ ID No: 8
AS-11-75-20 M@%ﬁ%ﬁﬁ @“f%sgﬁ"}%o No: 9
AS-11-79-14 59.1 -38.8 SEQID No: 10
AS-11-109-2 CSCCCST TCCsA CTsT 8 11
AS 11 110- 20°5A000CT CACREAGCA Aéz'@% éf‘zﬂ’-lm %g; AP
AS-11-114-20 GGCGACCCCTCACTCCA -43 FRoys
AS-11-127-1 CGEECRATRa | 41,7 -28. No: 14
AS-11 - 130- 25! CAGQ;%QQCACGGGQ%% 67,6 - 46. ﬁ No: 15
AS-11-134-20 GACGGCTGGGACAGGGTGCA 62.6  -43. 2 SEQ D No: 16
AS- | | - 151- 2f1e1aGNSCAGCCABSACAGGACGGM 59.3  -41.7 SEQ@4® No 17
AS-11-163-20 GsCGsAAGMIBGs AGCs GABRIRAGCSC  62. 1 - -44.3 SEQ hf3aNs: 1
AS-11-166-20 GCAGCGAAREAGAGCGAGRMUM 61+4 -43.1 SpE} kD No 19
AS-11-185-20 GGGAGAGCATRGT GGAGCEHM 5640 -40.9 SEQ@ | D No: 20
AS-11-189-20 CGGAGGGAGAGCATAGTGGA 54.1 -39.4 SEQ I D No: 21
AS- | | - 201- 2HelaGBMGCGGBACACGGAGGRMM 63- 5 45.1 SBZHID No: 22
AS-11-217-20 CGGBTCCGMM 69:5 -48.8 311%95

PALA + 108175

PALA 30pM + 101 +2.0

Hela 1mM MTX 40pM . 28+10
- MTX 60uM 12405
MTX 40uM + 6555,
MTX 60uM + 35+05

a PALA = N-(phosphonacetyl)-L-aspartate

a MTX = methotrexate

b -=no treatment

b+ = treatment provided

¢ The values are the average of two experiments.



-39- SEQ ID No:23 AS-11-225-20 AGCTGCTGCGEGICCGTGAT
43.6 SEQ I D No:24 AS-11-253-14 CCCCTTCAGCGECG

- 44, AS-11-288-12 CGGOCGTGIT

2 :
-29.6 SEQ ID No:27 AS-11-323-20 TCCTCGOCGTCTTGCTGGCC
-45.5 SEQ I D No: 28 AS-11-344-20 CCGTGGGCTCCTGGAAGATC
-41.9 SEQ ID No: 29 AS-11-362-20. T.FAGTTTTCGGCTCC
-39.2 SEQID No:30 AS-11-391-17 CCTCCACGC
-37.3 SEQ I D No: 31RM%WWWZ%WG
-41.4 SEQ I D No: 32 APREATNIERTANITHRIANTISINSE
-45.8 SEQ ID No: 33 AS-11-414-20 AAGCGGECGEEGEEGICICT
-45.8 SEQ I D No: 34 AS-|1425-20 . GGAAGATGACAAAGCGGEOGE
-43.0 SEFLLDDNE: Bfela S3S- |1 439- 20 ATGGTACTCGATGGGGAAGA
-37.8 SEQ ID No: 36 AS-11-472-20 AGCCTCTGCCTTCTTATACA
-35.8 SEQ I D No: 37 CohS:- AS-1-2395-200 CCTCCRIRRIBOGT CCAAAAG
-44.3 SEQ ID No:38 AS-11-496-16 TCCTCGGCGGTCCAAA: - -
-37.0 SEQ ID No: 39 AS-110549-20 TATCTCTGCTCGGGITTCAG
-36.7 SEQ I D No: 40 AS-1928M9-20 GCAAAGAMIBGATNACATG
-37.2 SEQ I D No: 41 AS- 1928M9- 20 TCGCTCORUSERERT TCAT
-38.3 SEQ ID No: 42 AS-11-626-20 GGCTAAATCGCTCCACCAAG
-40.3 S | 1-634-20 AACTTCTTGGCTAAATCGCT
-37.6 5843“??% églalﬂ@ﬁ |-667-20 GAAGCATAAAACAGCGGG
-40. 3 SEQ|DNo45M% GACA! SCATCGTCAA
-36.8 SEQ I D No: 46 = TCT
-34.9 -40 - SEQIDNO(fl? AS-11-816- 20_ATCCAGCGCAAGGCCCAGTC
60. 9 -43.7 SEQ I D No:di@ yMi\S- | | - 861-20 (3CAAAGGCTACAACACGTTC
50. 0 -37.1 SEQ I D No: gigs uMS- | | - 890- 20 3dACCGGAAAAGAAAATGCCT

52.2 404 . 0.10 M i
CELL LINE: Mouse SC2

| Conc. AS-1395-20a % Inhib.
i R
0.2 pM 76%

61.
50.

- 34. 4“%8*85 125 AS-11-280-20 CGCCGECGIGITCTCCTTGT  pegicA97/00540 421 8

64.
58.
51.
54.
56.

62.
6

59..
50.
46.
60.
54.
48.
50.
52.

53.
4

50.9

4
8

OO-hU'INOHI\J

0.7

@I—‘O-hm-bl—‘ml—‘

8.0
53.9

480°



SEQ ID No: 50 AS-11-909-20 CAGAATATCGACGCAAAAGA 48. 2 -36.5
SEQ | D No: Mo?@o#'}@%?’ 20 GGCATCAGTCCTCGTCTT FCPCA97/00840. 7
SEQ I P No:, ©981-20 TGTAAACCCTCATCTCTGCT 46. 2 -35.0
SEQ I D'No:'53 AS-11-1001- 20 TCAGGCAAGCAAAATCAZAG 51.3 -37.2
SEQ | D No: 54 AS-11-1006-20 GAACATCAGGCAAGCAAAAT 49. 4 -37.1
SEQ ID No: 55 AS-11-1023-20 TTGTGTACCAGTABLELR 45. 9 -33.9
SEQ I D No: 56 ARNTISEABESEQUERNTESIDESAEEAD IO TARGET THE RIMESSAGE7. 7
SEQ ID No: 57 AS-11-1048-20 CTCTTACTCTCTCCTCCG 45. 2 -35.0
SEQ I D No: 2 Al S — (A 416 =330
SEQ | D No: 59 spbSr Ne:1182 m Pt | dG36.5
SEQ ID No: 64 ~ AS-11-1197} 20 AAAACCITGCTAAAACCCAG 48. 3| kDa/al.
SEQ | D No: 6 Jfemd S e e A dn S NI
SEQ I D No: 62 ss@d Nofer4 R0.15850AG GAMPAERIATAEA CAGCACTT 5192, 6 |.a7:334. 0
SEQ | D No: 63 )jgrm TIAGICYTIICCITICC 432.2
SEQ | D No: 64 SII- 6.8
SEQ | D No: 65 SERHD Moo i 37@
SEQ | D No: 66 /-\b-II-1302 18. 7 -35 3
SEQ | D No: 67 SEQID No:10f35 49.715. 6§ 375 36
SEQ I D No: 6§—AS TT=I333 a7 4 oD, 9
SEQ | D No: 69 SEGRIT NeA®% 2 524%. 7 |-38%. 3
SEQ | D NO: 7 CemmmieSemepufmance Sy T 35—
SUBSTI TUTE SHiggli Rbhbs 2 3).5-1—126562 | BMAC?A&CCIG@%&RQ 52.1 -38.3
GCACATCTTCAGELCALIEA
GGGCACATCTTA . - a%tg? Boheic?3 1'1-{1381- 20
AAAAATCAGCCA 109 AT 203'28 A%ﬁf 33 QF() LD N0 7 jz_t bao 1 1-1390-20
ATGGAAAAAAAAAAT CAGCC 4. 7 - 1141438- 20
TTCATGGTGTGGEERIF 110 A5'1’239‘289. sha age T AT A G 9@3
AGGACTGGTTGIGACGTACE 48JT  -35.7 SEQ ID No: 77/
CCAGCACTATAARERIRN@111 | AS-1-287-29 | TTC AT TS AR TG HGRA-CLB
TTCTGGCAAAAJGTGATACT 7015 -3D. 0
SEQID No:112 | AS-1-300-20 | GCCTTG GATTACTITCATGG | 489 -37.3
SEQID No:113 | AS-1-348-20 | TTCAGC AGCCAA AGTATCTA ] 454 -34.9
SEQID No:114 | AS-1-395-20 | GCCAGGATAGCATAGTCAGG | 48.9 -36.9
SEQID No:115 |} AS-1-439-20 | CTT TCT TTG TTTCTTTGTGC 445 -34.6
SEQID No:116 | AS-1-504-20 § GGG AGAGTIGTITGCCATTAT §48.2 -36.7
SEQ ID No:117 AS-I-520-20 | TTIGACTTGGCCA CCA TGGGA 58.2 -40.8
SEQ ID No:118 AS-1-540-20 | GGCCAG AACAATATCCAATG (495 -37.2
SEQID No:119 | AS-1-556-20 ] TCA GGC GAT CTT TAT TGG CC 54.2 -40.5
SEQID No:120 | AS-1-635-20 | TTC AAC AAATAA GACCGCTC |47.2 -36.1
- | SEQID No:121 | AS-1-658-20 | TTT CAG CCA CTTTIC CATTG 50.3 -375
SEQ ID No:122 AS-1-662-20 GGT CITTCAGCCACTTITCC 50.4 -37.9
SEQID No:123 | AS-1-782-20 | TTG AAGAGAGIGGGCGAAGC | 54.4 -39.6
SEQID No:124 | AS-1-786-20 |} AGCATTGAAGAGAGTGGGCG |54.3 -39.5 .

SUBSTITUTE SHEET (RULE 26)



D No: 79 AS-11-1560-20 GTAAGICACAGCCAGCCAGG

SEQ 52.2 -37.8
SEQ ID No:80 AS-11-1581-20 ACTGCCATTGTCACTGCTAT 47.0 -3471 gEgEQ
| D Nos 81 &*g 659- 20 TGGCTGTGCTGGTTAAAGGA C”'f@éf!”
| D No: 82w AS- E%666 20 TTTAACTGGCTGIGCTGGT ‘6?7 SEQ ID
No: 83 AS-11-1700-20 ATTAAAATCTGCGTTGAAGEHS - 46. 8 -36.6 SEQ ID
No: 84 AS-11-1768-20 TATCGCCGCCGTGAGTACAA 56.5 -40 9 SE | D
No: 85 -11-1773- 20 GCCTATTATCE TGAG - D
No: 86 Q ID NpH23 2 § ASCI0T20CEHERR AGTTGCGGGCGGTI‘GGT 4 D
NO: 87 - = G AVAVEA G AYAY W AYAY U RS YA\ @ < D
No: 88 ASAGESR0 CAGRAGETATIATTT CAT ACT CA 4 -35 2SEQ D
l\b89 -'-AC‘AAH-A'- |D
No: 90 S&@I@BER %&TW@CCAGCAGACW ‘ G873 SEQ 1D
No: 91 - ACACLATAAAANCACANA z D SED I D
No: 92 _ 8520 | SEATACAFTAGAS - SEQ | D
No: 93 4"%8’22?5 o} £&AE Aeeee'-w A %GCAACACCA“E%&SA -E@?é sed 1 D
No: 94 AS-11-2067- 208 TCCTTTATCECACAACACTC . QID
No: 95 ASEQIDNea2d éé-F'Pé%:é%T REAEFGFATACAACTCACAGC 5223  |-388.0 FQ I D
No: 96 S-11 - 2083-2 STGS O [FJEAJ A CA R v 7. PS) =3 SIS PmY) | D
No: 97 ASEQIDNg3Q®Q A@@@@CAGA GA(ICBCMTAGTCCCAGCA 554 3 -3840. 9 [SEQ
| D No: 9 g§™AS—tt=—2tSr120~r"aCas ETFCACAREA _",C . | 4
SEQ | D NSEA9ID NE:1b1 - PAG4-1861-24 W@A&@@@@@Tm 4!@2% 36.
SEQ'D ViV<EN 9 A GEALLLTLL e g_i
No: 100 . 3 ? )
No: 1 M?‘s‘?{%i@no.m AS 1A§74 &o GG Br3 S %Agg R crrAtacca
42.7  Iska b NadP?| as11134-20 | Acc cre cre TIC CTTTICC TG 39.6

SEQID No:134 | AS-1-1162-20 | TCC AAA GAG CAA AGA AAA GA 1470 -36.1

SEQID No:135 | AS-1-1258-20 | CCT CTC CCC AAACCTCATCC 1547 -40.2

SEQID No:136 | AS-1-1311-20 | AACTTTGCGGACACGACCTT |53.7 -39.5

SEQID No:137 | AS-1-1370-20 | GGG GTG CCTGITTCC GICTG 58.9 -42.0

SEQID No:138 | AS-1-1418-20 | TTC TGC TGG TIG CTCTITCG 53.1 -38.7

SEQID No:139 | AS-1-1421-20 | AGG TTC TGC TGG TTG CTCTT 50.6 -37.6

SEQID No:140 ]| AS-1-1513-20 | GGG CCA GGG AAGCCA AATTA 1576 -434

SEQID No:141 ]| AS-I-1662-20 | GGG GCG ATGGCG TIT ATTTG 58.8 -44.0

SEQID No:142 | AS-1-1666-20 | CAA TGGGGCGATGGCGTITTA | 60.1 -44.0

SEQID No:143 | AS-1-1785-20 § TTCCAG AGC ACCATAATAAA | 451 -35.1

SEQID No:144 | AS-1-1818-20 | TGGGCCCIGCICCITGGCAA 643 -45.7

SEQIDNo:145 | AS-1-1970-20 | GGC ATC GGG GCAATAAGTAA {541 -41.0

SEQID No:146 | AS-1-1976-20 GCT GTA GGCATCGGGGCAAT | 58.5 -429

SEQID No:147 | AS-1-2119-20 | CATGCCATAGGCCCCGeTeG | 640 -46.4

SEQID No:148 | AS-1-2198-20 | AGTTGCTICAGGTCATCAGG ]49.0 -36.0

SUBSTITUTE SHEET (RULE 26)



-43- Foot not

=R2 The fir

T?eogég?gﬁgd nunber
The sequence AS-11-2229A shown in the Tabl e-4hd the
described in the text are alternate sequences,

sequence

version of |
ver si on publfi
2:227-234, |
I ndi cated ({
dupl ex for.

es for Table 7 Nane includes the foll ow
i ndicates the first nucl eotide

W th

Vi 40 by Pavlorr)" anﬂ 2229B

Iy LIIIU C U

m@emqmmﬁrehml o] 1T

bEQ[lBrNJ i’dﬁ[ : rAs]-flzsml\ibl

24—

di ner f or mati
di ner for rralj

Aé?@’r‘ﬁcﬁﬂéldtsd:'l% C?lséé nma

S e

ng AS = anti sense;

POSI i 0N perichemBRRMTRNA
i ndicates the length of the sequence segnent.
sequence AS-11-2229B

2229A chosen fromthe

osen
&hbi ng,

“
aV¥aae a [a=

9@0 of og»,eglt i al

| eotli.gso

I Om € }

-36.6

t he potenti 3l t g n tHhe rget
sequence ( B) S&b&&%‘b&& éiseﬂ%ﬁg%@ @Eﬁg‘gégwg‘é@@? %ngov %3
obt ai ned by {usi n% the ¢ r}g%ter nodel | 1 |ng rogram OLI QO Prifrer Anal ySI S
Sof twar e, V¢SEQIR No:183( JiATF2H4128(| GBI MAE TERNTIEI A TTAG e esf46-The rd%Ram
all ows the ¢
gualitative ssQiImNd:m AS-hp249D:20 mmcmmmrecs*cmdi ca Sfmy "ng -38.8
potential " ' ' . _ e ‘
tcfp]o?s' ”ﬁ L hﬁ S0 1P se JLASIE2553 30 CEAGRCETINCERCRAE®! | | ¥8.6 O S qyfmcgfs
at exhi bi oot e tlg
D19, 1 o SERABIRED [k Bl LR EacOl BERA AR oPeSy ) BOD |
—_—-
and B. O the.thr cat g B rtan n wer e D and H,
since B (i .egE hi ﬁ#gﬁ%o&g %C&%C%%ngg §q.q i on Jt40-? he
precise target: sequence may enharfice ra an conpronm sg ol I gorjucl eot |
activity. MpSEQIP Noji58s of\feh2%68-28 Wmmmmo poj &6t i al |i-37.8 he

and H cat egqT

were |ater f
(Tabl e 12) 4
approach to
effective,

anti-tunor

q
4

nmorved SOITE PutETIit T dl

SEQADINo:159rjrAS: B2863g0 TARADGIIGTGAT GAASS t

6ROAD NEh6N i ALNSR200I

sRBADNEH12Y ADPWL.iR (@R £ad Rac TAG TITGGC

bibi
41.6

TA-3

gt
D4t ef fless.sve_

SLe AT A RBCRIGINS J&s2 ext 1

esshy

-33.2
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-44- TABLE 8 TREATMENT W TH AN R2 ANTI SENSE CONSTRUCTS CONSTRUCT

CONC. COLONY FORM NG INHIBITION OF: ([err]m MDA4 35
AS-11,-2229B- 20 0. 02 25% 0. 03 56% 78%
0. 10 wo%smsnu%o 20 99%  -45- TABLE 9 SYNEE%F%’??E"?:”#ECT

AS- 1 1-2229B-20 ANTI SENSE CONSTRUCT Cel t80- Dr ug Dr ug
AS-11-2229B- 20a Rel ati ve Col ony Conc. 0.02_M

For m ng Fobtmotes dyr Tableal 53 PALAa 20[err]M

350 50 PALA 2[err] M + 9010 Hel a S3
MIX[ err] Name includetHHd féllowing: : 11832 MrX

60[err] M 11613 MrX 40[err] M

+ MI'X 60[err] M +

0 Hela | ““‘“%Z’LE 20[err]M : 37721
PALA =Blierrim 8 | 31195 PALA

2 err] M + . 1 875 PALA err

+ The first rymber dndicates the first n tide positiongre ,thf m A

2810 Mrxsequence. 60[er r] M 1205 |vr|'x

40[err] M 6. 555.

The second number md1cates the length of the sequence segment.
1ITm°C = Meltmg temperature of ohgonucleotxde duplex formed
2dG = Free energy value for ohgonucleonde-complement dimer formation.

In addmon to the above analy51s, estimates of potential dimer formation (D),
potential self-complementary interactions (H), and the potential to bind to
sequences in the R1 message other than the target sequence (B), were
obtained. Analyses were performed as described in the Footnote to Table 7,
and criteria used to select the sequences shown in Table 11 were as mdmated
in the Footnote to Table 7.
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kDa/ nol

-37.
- 37.

- 37.
- 38.
- 38,
- 42.
- 37.
- 36.
- 37.
- 34,
- 36.
- 34,
- 36.
- 40.
- 37.
- 40.
- 36.
- 37.
-37.
- 30.
-39,
- 44,
-32.
-37.
- 34,
- 38.
- 38.
- 42.

SEQ I D No: 104

3 SEQ I D No: 105

0,

I\)ODNOOOOI\JOOU'ICD@U‘II—‘U‘II\JOO\ICD@@OOI\)H#OOI\)U‘I

SE IDNO

106

08269107

SEQIDNO:
SEQ I D No:
SEQ I D No.
SEQ I D No:

108
109
110
111

I~-_1.19

AS-
AS- | -
AS- 1-
AS- | -
AS- | -
AS- 1-

| -35-20

129- 20
203- 20

AS- | - 239- ZBABLERApqntinpeP GGATTCGAGA

AS—I-

287- 20

'f\-l-

GITCCAGCCAGACAGCACTT
37-20 GAG TTC CAG CCA GAC ACGC AC
85- 20 CAG AGI GG AAG GGT T
91-20  AGGTGACAGAGTGEG AAGGG
GACTGGACTGCGGCTCTAAA

5

1.7

52.1
58.6
49. 6

ATBRCTCGTTCTTGG CGG CC

TTC ATG GIG ATC TGA GCA GG

'I'l\f" 'I"l'-

SEQ | [N
SEQ |
SEQ |
SEQ
SEQ
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SEQ
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SEQ
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SEQ I [
SEQ I
SEQ D
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|
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7667 & | 96.63
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:
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479 3
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T
0
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5018 —
) O).' D NYO O
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SEQ D
SEQ I T
SEQ | O

.'_\A|..

57.86

26
o
g I
PO AS- |
20 |
F1 |
7a]

12
AS
&
&
S

AS
fi

9955 |, "ND

W

N
NN
N O O
()

N

5

ND
£~

oZIE 3

9

5
9714

8859@

pes | UGB B

4.37
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AS-1-2927-20 CCCACCAGICAAAGCAGTAA
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-53- TABLE 12 (continued) [err]
colony-form ng efficiencies are averages algsai ned

unl'ess indicated (*), as described in Table 7.

-55- TABLE 12 (continued) [err]

Legend, to TaWY@98/9576
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from2-8 determ nations. - ND = not determined. - The various cell |ines

were obtained fromthe Anerican Type Culture Coll ection, Rockville,

Mar yl gnd. ti on about these human cancer cells:- T24 =
Yol

bl adder i noma HCT116 = col on ceII caPEMTTE R0
= | ung cell carcinoma MDA- MB- 231 = breast cell adenocarci noma
M A PaCa- 2 = pancreatic cell ca%ci noma PC 3 .
prostate cell adenocarci noma HepGZTABLE 12 (continued) hepat ocel | ul ar carci noma
Hel aS3 = cells isolated froma carcinoma of the cervix T-47D
= br east eetpl—eetret a—hfﬁe-e‘ﬁ = adenosquanous
carci noma celgs Col P340 = {colfonf cql | jad arci nona’ -58 -
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line is highly malignant and has been described previously (Taylor, WR
Egan, S.E., 7oV . G eenberg, A H and Wight, J. A mcogwm:ﬂwdﬁ%

1390, 1992) d‘lsfferences observed betwggn the AS-1| -626 20 treated and
unt reat ed groups were statistically significant (p value = 0.027). Cearly,
AS- 11-626- reftéﬂe,ii blu r cells exhibited a marked reductl on in
netastatic 9 REFERENCES Agravval 1996. Anti sense

ol i gonucl eoti des tovvards clinical trials, BT CH 4. | et
al o 1995, Ebg@mtlsmsemiwemf Hi%%r W@Feaflu 151 Grfeatachuplese: ingiciigd ), &
anti sense DNAdesicripediniFahlede anal ogs wi t h phosphol i pi d menbranes

(li posones). Nuc. Res. 19:5551-5559. 10 Alessi et al., 1995. Meth.
Enzymol . 255: PRe-wdfles AonrrelativelcolorB$ermitip efifitiensiesr aredutrdgesnobfained

novel cytopl afgtint 2°8 detérinttiatibrisy activity at the 3'-untranslated region of
manmal i an r| bonucl eoti de reductase R2 nRNA and role in nessage stability.
J. Biol. 69n<§§788te}'}7f\ %Amara et al., 1995B. Defining a novel cis
el enent in th -untranstated regi on of nannallan ri bonucl eotide reductase

conponent R2 NA: Rolel _ransform factor-[err], ijduce
Stabi | zat | of mu‘émpes/sgé %r\sidw hpingd cHrons Ghg, Arseriban, Typs daulfure
Defining a no@@i legtiancRe unt ransl ated regi on of mammal i an
ri bonucl eoti de reduct ase conponent R2 nMRNA: cis-trans interactions and
message st ablnforsnativn abomt theiserhupan: @orescelis31. Anazodo et al, 1995.
Sequence-Specific Inhibition of Gene Expression by a Novel Antisense 25

ol i godeoxynuthgot i de Phosphorot hi ¢iddéd ¢t baetire@ianst a Nonregul atory
Regi on of the Human | mmunodeficiency Virus Type 1 Genone. J. ViroL 69:

1794-1801. Aﬁ;%p{i@ et al., 1996. I nhi bition of p24 Cene
Expressi on by erent 20-ner Ant%:ag%%s%ﬁéa?ég\rﬁ%?eotl de Sequences
Targeting Nu%:?(éatl des + 1129 to _+é268 of. the, H V-1 gag 30 CGenone: An

Anal ysi s of ani sm Bi-ocheff . Bi JPABLlERICINA 1 ~209: 305- 300.
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276(6): 111- 115

MIA PaCa-2 | = . pancreatlc cell carcinoma

PC-S =, prostate cell adenocarcinoma

HééGZ - ) o= 'hepatocellular carcmoma
HelaS3 = cells isolated from a carcinoma of the cervix
T-47D = breast ductal carcinoma
H596 = lung adenosquamous carcinoma cells
Colo320 = colon cell adenocarcinoma
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conprising a r’é’eonbﬁrl’émwt@%hﬂompe@mfosmtgeaanglttmlsensxmamoiasmquemmo
encod n LitRedl or the
transcr|gCHE‘%ﬁﬁll('l:":fr;il transl atlon g?%?legﬁﬁgg lelc aglﬁ E%on@r?l %ﬁﬁ R
conpound® <laies %&QW@%W%VQPY%@%‘MW&ﬂmﬂm#ﬂMUcI eotlde
reduct ase with the IeveI obtained with a control in the absence of the test
conpound. 25. od of eval uati und for its ability to

regul ate a Ras'si gnal R ﬂl\lﬁgvpﬂ?péég’é %#’Bﬁﬂ‘éﬁ%rﬂ Qt‘“’?}?f“&“tﬂéﬂjom st
of the iinresistagtitor @lfenﬁ&empdumaﬁmk anohpoisingat léasDyneDantiskibengligniididstide ON

m Xt yg e itions,which permt
The. 107 acabigt 2y fis i) oo ANairiled i) 2 YRGRRRERD R aren By
conpoundlu§Bt ecting the formation of conpl exes between R2 and Raf-1 and/or
Rac-1 or activation of a Ras signalling pathway; and conparing to a control
reaction in the absense of the tes{ substance, wherein |ower |evels of
conpl exes or &% i vaftiBhoi i atisenseligonyrleqtideagiording t anyrone of glaimsHictoddat
conpoungrepures inediesmenit fdr niddalating aumei delligradfthR2 and Raf -1 and/or .Rac-1, and
highgy levels indicate that the test conpound enhances the |nteract|on of
R2 and Raf-1 and/or Rac- 1.

15. A use of an antisense oligonucleotide according to any one claims 1 to 9 to

prepare a medicament for inhibiting tumor cell proliferation.

16. A DNA sequence comprising a transcriptional initiation region and a sequence

20 encoding an antisense oligonucleotide according to any one of claims 1 to 9.
This Sheet Has Been Repl
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18. An antisense oligonucleotide according to any one of claims 1 to 9 wherein the

25 oligonucleotide exhibits reduced dimer formation and reduced self-complementary

interactions.

19. A method of increasing sensitivity of neoplastic cells to chemotherapeutic
drugs in a mammal by contacting the tumor with at least one antisense oligonucieotide
30 according toclaim 1to9 and a chemotherapeutic drug.

20. The method as set forth in claim 19 wherein the chemotherapeutic drug is
selected from hydroxyurea, MTX and PALA.

35 21. A method according to claim 19 wherein the antisense oligonucleotide and

chemotherapeutic drug are administered at a noncytotoxic dose.

22, A method according to claim 19 wherein the antisense oligonucleotide and

TN
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chemotherapeutic drug are administered at a cytotoxic dose. THIS SRZEELT;\E%% BEEN
23. A method according to claim 19 wherein the antisense oligonucleotide is

administered at a noncytotoxic dose and the drug is administered at a cytotoxic dose.

24. A method according to claim 19 wherein the antisense oligonucleotide is

administered at a cytotoxic dose and the drug is administered at a noncytotoxic dose.

25. A method for modulating tumor cell proliferation comprising contacting a

cell with an effective amount of at least one antisense oligonucleotide according to claim 1 to 9.

26. A method of evaluating if a compound inhibits transcription or translation of
a ribonucleotide reductase gene and thereby affects cell proliferation comprising transfecting a
cell with an expression vector comprising a recombinant molecule comprising a nucleic acid
sequence encoding ribonucleotide reductase, and the necessary elements for the transcription or
translation of the nucleic acid; Administeng a test compound; and comparing the level of
expression of the ribonucleotide reductase with the level obtained with a control in the

absence of the test compound.

27. A method of evaluating a compound for its. ability to regulate a Ras
signalling pathway by assaying for an agonist or antagonist of the interaction of R2 and Raf-1
and/or Rac-1 comprising providing a reaction mixture containing R2 and Raf-1 and/or Rac-1
under conditions which permit the interaction of R2 and Raf-1 and/or Rac-1, in the presence of
a test compound; deteéting the formation of complexes between R2 and Raf-1 and/or Rac-1 or
activation of a Ras signalling pathway; and comparing to a control reaction in the absence of
the test substance, wherein lower levels of complexes or activation in the reaction mixture
indicate that the test compound interferes with the interaction of R2 and Raf-1 and/or Rac-1,
and higher levels indicate that the test compound enhances the interaction of R2 and Raf-1
and/or Rac-1.
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